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INTRODUCTION
A geochemical reconnaissance study was undertaken in the Petersburg area of 

southeast Alaska, during the summers of 1978-1982, to aid in the evaluation of its 
mineral potential. The study area includes the Petersburg quadrangle, the western edge 
of the Bradfield Canal quadrangle, the southwest edge of the Sumdum quadrangle, the 
southeast edge of the Sitka quadrangle, and the east edge of the Port Alexander 
quadrangle as shown on plate 1. In this report, these units will be referred to as the "the 
Petersburg study area." For this study, 1,430 heavy-mineral concentrates from stream 
sediments, 1,449 stream sediments, and 442 pebble samples from streams were 
collected. Sample localities, analytical results, enrichment, and statistical data are 
presented in this report. Sample localities are shown on plate 1. Statistical and 
enrichment data derived from the analytical results are shown in tables 1 and 2. 
Analytical results for stream sediments, pebbles, and heavy-mineral concentrates from 
stream sediments are shown in tables 3, 4, and 5.

METHODS 
Sampling and Sample Preparation

Heavy-mirreral concentrates from stream sediments, stream sediments, and pebbles 
from streams were collected from the active parts of the stream channel.

Stream-sediment samples consisted of coarse- to fine-grained sediment that were 
wet-sieved through a 2-m m stainless steel screen at the sample site; the screened 
fraction was placed in metal-free cloth bags. Sample weights ranged from 150 to 250 g. 
The samples were then air dried and screened by shaking through an 80-mesh stainless- 
steel sieve. The minus-80-mesh fractions were placed in 0.12-L metal-free cardboard 
containers and subsequently analyzed.

Heavy-mineral concentrates from stream-sediment samples consisted of several 
scoops of coarse- to fine-grained sediment that were wet-sieved through a 2-m m 
stainless-steel screen at the sample site. This sieved fraction was wet panned at the 
sample site to reduce the percentages of light minerals in the sample. The panned 
heavy-mineral concentrates from stream sediments were placed in metal-free paper 
envelopes. The samples were then air-dried and further prepared by shaking through a 
35-mesh stainless-steel sieve, the minus-35-m esh fraction was retained. In the 
laboratory, the minus-35-mesh fraction was separated with bromoform into two 
fractions: a light-mineral fraction having a specific gravity of 2.85 or less and a heavy- 
mineral fraction having a specific gravity greater than 2.85. The light-mineral fraction 
was discarded. Magnetite and other magnetic minerals were removed from the heavy- 
mineral fraction by use of a hand magnet and a Frantz Isodynamic magnetic separator at 
a setting of 0.2 amperes. The magnetic fraction was saved, but not analyzed. The 
remaining heavy-mineral fraction was again run through the Frantz Isodynamic magnetic 
separator at a setting of 0.6 amperes. The fraction that was nonmagnetic at this higher 
setting contained primarily zircon, apatite, and sulfides; it was labeled C-3 and was 
retained for spectrographic analysis. The intermediate fraction having magnetic 
susceptibility between 0.2 and 0.6 amperes was not analyzed.

Pebbles from streams were collected from the stream channel. Although altered 
and mineralized pebbles were looked for, few showed visible indication of alteration or 
mineralization. Several pebbles were collected from the stream channel and placed in 
metal-free cloth bags. All pebbles were crushed in a Chipmunk crusher to approximately 
<6 mm, split through a Jones splitter, and one of the two splits was ground to a 
minus-150-m esh in a vertical pulverizer using ceramic plates. The m lnus-150-mesh 
fraction was placed in 0.12-L metal-free cardboard containers and subsequently 
analyzed.



Analytical methods
The procedures used in analyzing stream sediments and pebble samples were 

identical. A six-step, DC-arc, semiquantitative emission spectrographic method was 
used for the determination of Fe, M g, Ca, Ti, M n, Ag, As, Au, B, Ba, Be, Bi, Cd, Co, Cr, 
Cu, La, Mo, Nb, Ni, Pb, Sb, Sc, Sn, Sr, V, W, Y, Zn, Zr, and Th (Grimes and Marranzino, 
1968). Atomic-absorption spectrophotometry was used to determine Cu, Pb, Zn, and Au 
(Ward and others, 1969); colorimetry was used to determine W (Quinn and Brooks, 1972) 
and Th (Palkalnes, 1972); selective ion electrode method was used to determine fluorine 
(Hopkins, 1977); fluorometric method was used to determine uranium (Centanni and 
others, 1956); and neutron activation, delayed neutron counting, was used for U and Th 
(Millard, 1976).

The C-3 fraction of the heavy-mineral concentrates from stream sediments was 
analyzed by a six-step, DC-arc, semiquantitative emission spectrographic method 
generally following that described by Grimes and Marranzino (1968) for the analysis of 
geologic material. Their method was modified in the following way to eliminate the 
spectral interferences caused by high concentrations of iron, titanium, and zirconium. 
Five milligrams of prepared sample was mixed with 20 mg of pure graphite powder and 5 
mg of pure Arkansas quartz; the mixture was packed into a preformed graphite electrode 
6.35 mm in diameter, and was burned in a DC-arc for 136 seconds using a 1.5-m 
Wadsworth-m ount grating spectrograph. As a result, the lower limits of determination 
for the elements analyzed for this type of sample are all raised two reporting values 
above the normal lower limit values of those values listed by Grimes and Marranzino 
(1968). Spectrographic standards were prepared in the same manner. Spectra were 
recorded on 35-mm SA-1 film in groups of 23 samples per film (that is each film includes 
analytical spectra results for 22 field samples and one reference standard sample). The 
reference standard sample is included with each set of field samples to monitor the 
quality of the analyses from film to film; however, the analysis for these reference 
samples have been omitted from tables 3-5. Thirty-one elements were determined (Fe, 
Mg, Ca, Ti, Mn, Ag, As, Au, B, Ba, Be, Bi, Cd, Co, Cr, Cu, La, Mo, Nb, Ni, Pb, Sb, Sc, Sn, 
Sr, V, W, Y, Zn, Zr, and Th).

The observed spectra from the stream sediment, and C-3 fraction samples were 
compared visually to standard spectra using a 20X comparator. The spectrographic 
analytical values are reported as the approximate geometric midpoints 0.15, 0.2, 0.3, 0.5, 
0.7, and 1.0 (or approximate powers of ten of these values) of concentration ranges whose 
respective boundaries are 0.12, 0.18, 0.26, 0.38, 0.56, 0.83, and 1.2 (or appropriate powers 
of ten of these values).

The precision of a reported value is approximately plus or minus one reporting 
value at 83 percent confidence and two reporting values at 96 percent confidence 
(Motooka and Grimes, 1976).

The analyses were done by G. D. Day, S. J. Sutley, J. D. Hoffman, B. F. Arbogast, 
R. B. Vaughn, H. T. Millard, Jr., and B. A. Keaten.

Statistical methods
All data listed in tables 3, 4, and 5 were entered in the U.S. Geological Survey 

computer data storage system entitled RASS (Rock Analyses Storage System), and 
retrieved and analyzed by S. K. McDanal, W. S. Speckman, C. M. McDougal, and J. D. 
Hoffman, using the U.S. Geological Survey STATPAC program library (VanTrump and 
Miesch, 1977).

A statistical summary of the analytical results for various sample media data are 
presented in table 1, and an enrichment above crustal abundance statistical summary is 
presented in table 2.



MEDIA SELECTION
Stream sediments were chosen as the primary sample media because of the large 

size of the area that influences each sample.
Three sample media from the stream sediment were chosen to afford maximum 

coverage of the major geochemical components of a drainage basin. They are (1) the 
medium to fine fraction (-80 mesh) of the active sediment in the bed load of the stream, 
(2) the heavy minerals incorporated in the bed load of the stream, and (3) pebbles 
incorporated in the bed load of the stream channel.

The first of these sample media provides a typical geochemical cross section of the 
transported components of the drainage basin. Its chemical composition is controlled 
predominantly by the major geologic units of the drainage basin and to a lesser extent by 
scavenging materials such as amorphous iron-manganese oxides, clays, and organic 
matter. Minor components of the drainage basin, such as a deposit of potentially 
economic minerals, are usually reflected in this sample medium, but the influence is 
often small because of dilution by the large bulk of barren material derived from the 
major components of the basin.

The second sample medium, in essence a subsample of the first, is used to enhance 
the influence of minor components such as ore-related minerals and to eliminate the 
enhancing affect caused by organic material, clays, and in some instances the iron and 
manganese hydrous oxides, which are commonly in this medium but are not very 
magnetic. Most of the sediment in this medium is composed of minerals such as quartz, 
feldspar, and clay, which are of low specific gravity and of little or no interest in the 
search for mineralization. By contrast, many of the elements of a mineral deposit are 
transported as components of minerals that are of a high specific gravity and can 
therefore be concentrated by a simple gravity separation, usually in a gold pan. Ore 
minerals that have the distressing properties of softness (hardness 3.5-4), cleavage, and 
brittleness, such as galena, sphalerite, cerussite, malachite, and cuprite are also 
concentrated.

The stream sediments contain at least 90 percent light minerals and panning raises 
the relative amounts of heavy minerals by 10 to 1,000 times. If a 5 kg. sample is panned 
to 100 gr., this is a concentration ratio of 50 to 1. If further separation processes in the 
laboratory reduce this 100-g. sample to 100 m g., there is a total concentration ratio 
occurs of 50,000 to 1 (that is 1 part per billion becomes 50 parts per million if no losses 
occur). The concentration processes (panning and laboratory separations) raise the 
relative content of ore and ore-related elements so that they can be detected by 
spectrographic analysis.

The heavy-mineral concentrates were split into three fractions on the basis of the 
magnetic susceptibility of the minerals. The logic for this separation and for the choice 
of the least magnetic of these as the highest priority for analysis follow from the logic in 
choosing a heavy-mineral concentrate in the first place. Many of the ore metals will 
substitute readily for iron or magnesium in common rock-forming silicate minerals. 
These minerals are abundant but are, in themselves, not of economic importance as they 
contribute mainly to the "background" metal content. Less abundant minerals in which 
the economic metals are major components are the ore minerals. Though some of the 
ore minerals are somewhat magnetic, the majority are not. By contrast, the majority of 
the iron and magnesium silicate minerals are magnetic when passed through an 
electromagnetic separator. The magnetic separation, therefore, allows further reduction 
of the interference from variations in the quantity or composition of non-ore-related 
minerals and, hence, accentuates variation in the content of ore and ore-related 
elements resulting from variations in abundance of the ore minerals.

The analytical results indicate a higher contrast of element content in the heavy- 
mineral separates, as compared to the fine to medium fraction of the stream sediment. 
The use of heavy-mineral concentrates from stream sediments for reconnaissance 
geochemical evaluation of the Petersburg area, a logistically difficult and large area, has



decided advantages over the use of the fine to medium fraction of the stream 
sediments. These advantages are (1) a much lower sample density is sufficient to obtain 
meaningful results; (2) the problem of hard to evaluate scattered spot anomalies is 
largely eliminated; (3) optical mineralogy studies can be made to determine minerals of 
possible economic interest and the presence of economic minerals can be used as ore 
guides rather than that of metal percentages; (4) some minerals (example: cassiterite, 
fluorite, and wolframite) may be observed because they are resistant to physical and 
chemical weathering and are transported primarily in stream sediment as mineral grains, 
and not as ions absorbed on clays or contained in organic matter as are base metals 
derived from sulfides; (5) some element values (As, Sb, Cd, W, Sn, Mo, Bi, and Th) in the 
fine to medium fraction of the stream sediments are frequently close to or below the 
detection limit for spectrographic and chemical analysis. In the heavy-mineral 
concentrate, these elements are concentrated and therefore easily determined and, thus, 
the contrast between mineralization and unmineralized areas is increased, and anomalies 
are enhanced by removing major rock-forming minerals unrelated to mineralizing 
processes and concentrating those minerals related to mineralizing process; (6) 
elimination of the organic matter variable that may be present in one drainage basin and 
not in the other; (7) separates are independent of the diluting effects caused by seasonal 
variations in sediment transport, and the concentration is "undiluting" the stream 
sediment relative to heavy minerals, thus, the use of concentrates minimizes sampling 
errors by minimizing (reducing but not eliminating) variable dilutions resulting from 
hydraulic sorting during sedimentation as well as from related seasonal stream effects; 
(8) the analytical composition of a concentrate may also indicate specific minerals. For 
example, the barium content in a stream-sediment sample is predominantly the sum of 
barium in the mineral barite plus barium substituted in feldspars, clay minerals, and 
possibly other minerals, whereas the barium in a concentrate sample is essentially all in 
barite.

Pebbles from streams were collected from the stream channel. Although altered 
and mineralized pebbles were looked for, few showed visible indications of alteration or 
mineralization. 'These pebbles were considered to be weathered, stream worn, and 
represenative of outcrop from the drainage basin. These pebbles provide information on 
chemical signatures in rock that have not been or may have been affected by alteration 
or mineralization.

Explanation for Table 1
The data listed in table 1 are a statistical summary of the analytical results for 

stream sediments, nonmagnetic fraction of heavy-mineral concentrates from stream 
sediments, stream pebbles, and rock.

The procedures used in analyzing the various sample media and their references are 
given in the text under analytical methods.

Values for Fe, M g, Ca, and Ti are reported in percent, all other elements values are 
reported in parts per million.

The lower and upper limits of determination for analyses for the various methods of 
analyses are given in the text under explanation for tables 3, 4, and 5.

A qualified population is one in which the element concentrations are coded with N, 
L, or G; N - not detected at limit of determination; L = detected but below limit of 
determination; G = greater than upper limit of determination; n = the combined total of 
N, L, G, and the number of values. Leaders ( ) = no data or insufficient data.

The sample type column is coded as follows: 
SS -Stream sediment 
C-3 -Nonmagnetic fraction of heavy-mineral concentrate from stream

sediments.
Peb -Stream-sediment pebbles 
Rx -Rock.



The method of analyses column is coded as follows:
S -Semiquantitative spectrographic analyses
AA -Atomic absorption analyses
CM -Colorimetric analyses
SI -Selective ion electrode analyses
AC -Neutron activation, delayed neutron counting, analyses
Inst -Fluorometric analyses.

Explanation for Table 2
Table 2 gives the enrichment above rock crustal abundance (Krauskopf, 1967) for 

selected percentiles of the chalcophile, siderophile, and lithophile elements in the 
Petersburg study area, Alaska. Enrichment above rock crustal abundance was 
determined by dividing average crustal abundance taken from Krauskopf (1967) and 
dividing that into the actual concentration values computed for selected percentiles. 

The element column heading is coded as follows:
S-Fe -Semiquantitative spectrographic analyses of iron 
AA-Zn -Atomic absorption analyses of zinc 
CM-W -Colorimetric analyses of tungsten
AC-U -Neutron activation, delayed neutron counting, analyses of uranium 
SI-F -Selective ion electrode analyses of fluorine 
U-lnst. -Fluorometric analysis of uranium.

The crustal abundance column heading values for Fe, M g, Ca, and Ti are reported in 
percent, all other values are in parts per million.

The sample-type column heading is coded as follows: 
SS -Stream sediment 
C-3 -Nonmagnetic fraction of heavy-mineral concentrate from stream

sediments
Peb -Stream-sediment pebbles 
Rx -Rock. 
Leaders -( ) equals no data or insufficient data.



Explanation for Tables 3 and 4
The data listed in tables 3 and 4 include analytical results of the stream-sediment 

and pebble samples collected by the U.S. Geological Survey for the Petersburg study 
area, Alaska. The data are arranged according to the subquadrangles into which the 
1:250,000 scale Petersburg, Sumdum, Sitka, Port Alexander, and Bradfield Canal 
quadrangles are divided (pi. 1). Column 1 contains the sample number keyed to plate 1. 
The latitude and longitude in degrees, minutes, and seconds are shown in column 2 and 
3. The remaining columns lists the elements for which data are available. 

The element column heading is coded as follows:
S-Fe% -Semiquantitative spectrographic analyses of iron in percent
S-M N -Semiquantitative spectrographic analyses of manganese in ppm

(parts per million).
AA-Zn -...Atomic absorption analyses of zinc in ppm (parts per million) 
C m-W -Colorim etric analyses of tungsten in ppm (parts per million) 
AC-U -Neutron activation, delayed neutron counting, analyses of uranium in

ppm (parts per million).
SI-F -Specific Ion Electrode analyses of fluorine in ppm (parts per million) 
U-lnst -Fluorometric analyses of uranium in ppm (parts per million). 

Other row codes are: 
N =not detected 
  =no data available
< =detected, but below lower limit of determination, or below value shown 
> =greater than upper limit of determination, or greater than value shown 

Because of the formating used in the computer program that produced tables 3 
and 4, some of the elements listed in these tables (Fe, M g, Co, Ti, Ag, and Be) carry one 
or more nonsignificant zeros to the right of the significant digits. The analyst did not 
determine these elements to the accuracy suggested by the extra zeros.



The lower and upper limits of determination for semiquantitative emission 
spectrographic analyses for stream sediments, stream pebbles, and rocks are as follows:

Lower detection Upper detection 
Element limit limit

Iron (Fe)
M agnesium (M g)
Calcium (Ca)
Titanium (Ti)
M anganese (M n)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chromium (Cr)
Copper (Cu)
Lanthanum (La)
M olybdenum (M o)
Niobium (Nb)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)
Thorium (Th)

0.05 %
0.02

.05

.002
10 ppm

.5
200

10
10
20

1
10
20

5
10

5
20

5
20

5
10

100
5

10
100

10
50
10

200
10

100

20%
10
20

1
5,000 ppm
5,000

10,000
500

2,000
5,000
1,000
1,000

500
2,000
5,000

20,000
1,000
2,000
2,000
5,000

20,000
10,000

100
1,000
5,000

10,000
10,000

2,000
10,000

1,000
2,000

The detection limits for atomic absorption analyses are as follows:
Copper (Cu) 5  
Lead(Pb) 5  
Zinc (Zn) 5  
Gold (Au) 0.05   

The detection limits for colorimetric analysis are as follows:
Tungsten (W) 1 ppm  
Thorium (Th) 1 ppm  

The detection limits for neutron activation, delayed neutron counting are as 
follows:

Uranium (U) .1 ppm  
Thorium (Th) .1 ppm   

The detection limits for specific ion electrode analyses are as follows:
Fluorine (F) 100 ppm   

The limits for fluorometric analyses are as follows:
Uranium (U) .2 ppm  



Analytical results of stream sediments begin on p. and the analytical results of 
pebbles begin on p. .

Explanation for Table 5
The data listed in table 5 include analytical results of the C-3 fraction of the 

heavy-mineral concentrates from stream-sediment samples collected by the U.S. 
Geological Survey in the Petersburg study area, Alaska.

The data are arranged according to the subquadrangles into which the 1:250,000 
scale Petersburg, Sumdum, Sitka, Port Alexander, and Bradfield Canal quadrangles are 
divided. Column 1 contains the sample number keyed to plate 1. The latitude and 
longitude in degrees, minutes, and seconds are shown in column 2 and 3. The remaining 
columns list the elements for which data are available. 

The element column heading is coded as follows:
S-Fe% -Semiquantitative spectrographic analyses of iron in percent.
S-M n -Semiquantitative spectrographic analyses of manganese in ppm

(parts per million) 
Other row codes are:

N =not detected 
  -no data available
< =detected, but below the limit of determination, or below value shown 
> -greater than upper limit of determination, or greater than value shown 

Because of the formating used in the computer program that produced table 5, 
some of the elements listed in this table (Fe, M g, Co, Ti, Ag, and Be) carry one or more 
nonsignificant zeros to the right of the significant digits. The analyst did not determine 
these elements to the accuracy suggested by the extra zeros.



The lower and upper limits of determination for sem(quantitative emission 
spectrographic analyses for heavy-mineral concentrates from stream sediments are as 
follows:

Lower detection Upper detection 
Element limit limit

Iron (Fe)
M agnesium (M g)
Calcium (Ca)
Titanium (Ti)
M anganese (M n)
Silver (Ag)
Arsenic (As)
Gold (Au)
Boron (B)
Barium (Ba)
Beryllium (Be)
Bismuth (Bi)
Cadmium (Cd)
Cobalt (Co)
Chrom ium (Cr)
Copper (Cu)
Lanthanum (La)
M olybdenum (M o)
Niobium (Mb)
Nickel (Ni)
Lead (Pb)
Antimony (Sb)
Scandium (Sc)
Tin (Sn)
Strontium (Sr)
Vanadium (V)
Tungsten (W)
Yttrium (Y)
Zinc (Zn)
Zirconium (Zr)
Thorium (Th)

0.1%
.05
.1
.005

20 ppm
1

500
20
20
50

2
20
50
10
20
10
50
10
50
10
20

200
10
20

200
20

100
20

500
20

200

50%
20
50

2
10,000 ppm
10,000
20,000

1,000
5,000

10,000
2,000
2,000
1,000
5,000

10,000
50,000

2,000
5,000
5,000

10,000
50,000
20,000

200
2,000

10,000
20,000
20,000

5,000
20,000

2,000
5,000

Analytical results of the C-3 fraction of heavy-mineral concentrates from stream 
sediments begin on p.
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Table 2. Enrichment above rock crustal abundance for selected percentiles of the 
Chalcophile, siderophile, and lithophlle elements in the Petersburg area, southeast Alaska

[See page 6* for explanation. Table pages run from /S" to/^ ]

El ement 
Element class

Crustal Sample 
abundance* type

Percentiles

25th 50th 75th 80th 90th 95th 97.5 99th

Fe    Siderophile 5.6

Mg    Lithophile 2.3

Ca    Lithophlle 4.1

Ti    Lithophile .57

Hn    Lithophile 950

Ag    Chalcophile .07

As    Chalcophile 1.8

Au- Siderophile <.05

B     Lithophile 10

Ba    Lithophile 425

Be- Lithophile 2..

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3
Peb 
Rx

0.63 
.38 
.48 
.41

.48 

.39 

.25 

.36

.27 
1.3 
.20 
.20

.75 
3.5 
.23 
.33

1.1
1
.40 
.51

1.3

.87 

.66 

.35 

.53

0.95 
.71 
.57 
.67

.78 

.61 

.33 

.69

.51 
1.8 
.32 
.48

.35 

.54

1.6
1.4 
.60 
.92

2.2
5.5

.93

1.2 
1.1
.52 

1.1

1.5 
1.1
.66 

1.0

1.2 
.87 
.46

1.0

.95 
2.6
.49 

1.0

.95 1.3

.47 

.84

2.3
1.7
.77 

1.4

3.5
8.1 
1.6 
1.9

1.7 
2.4 
1.1 
1.9

.46

1.7 
1.2 
.71 

1.1

1.4 
.96 
.50

1.2

1.09 
2.8
.54 

1.1

1.4

.54 

.91

2.6 
1.8
.80 

1.6

4
9.5
2.1
2.4

1.8 
2.9 
1.2 
2.2

60

2.1 
1.4 
.91 

1.6

1.8 
1.7 
.91 

1.7

1.5 
5.1
.71 

2.2

1.7

.68 
1.3

4.1 
2.2
.98 

2.1

5.2
16.5
2.9
4.3

2.3
15
1.8
3.1

.79

.89

2.5 
2.1 
1.1 
2

2.2 
2.2 
1 
2.3

1.9 
6.1
.90 

3.7

1.9

.88
1.7

5.3 
2.6 
1.4 
2.6

6.6 
31.6
3.5 

, 6.5

2.8

2.3
4.7

1 
1.2
.96 

1.2

2.9 
3
1.4 
2.4

2.6
2.7
1.13
3.0

2.2
9.4 
1.4 
5.4

2.1

1.1 
1.9

3
2.6
3.5

32.9 108.6

7.9
53.5
4.1
9.4

3.7

2.8 
6.4

1.3 
2
1.3 
1.8

3.1 
4.3 
1.8
3.2

3.3 
4.5 
1.6 
4.1

2.8
11.9 
2.7

4.1 

5.2

277.1
15.7

11.4 51.4

1209.2

10.1
173.8

7.6
11.9

5.7

3.9 
10.8

1.9 
2.9 
1.5 
2.6



Table 2.--Continued

El ement 
Element class

Crustal Sample 
abundance 1 type 25th

Percentiles

50th 75th 80th 90th 95th 97.5 99th

Bi.

Cd-

Chalcophile .17

Chalcophile .2

Co    Siderophile 25

Cr-

Cu-

La-

Ho-

Nb-

Ni

Lithophile 100

Chalcophile 55

Lithophile 25

Siderophile 1.5

Lithophile 20

Siderophile 75

Pb    Chalcophile 1-2.5

Sb- Chalcophile .2

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS
C-3 
Peb 
Rx

669 1011

68

23

58
73

05

33
30
18

8

5

29

.91
--
.37
.63

.88
1.3
__
.35

.53

.82

.39

.40

__
7.3

 

_ 
._
__
 

  « 

12.1
 
 

.41
--.
.13
.19

1.4
 
__
.70

1.2
.9
.56

1.1

1.5
2.1
.35
.90

.85
2.1
.98

1.0

1.2
18
--
 

  _
-.
__
 

« « 

27
--
 

.57
--
.26
.44

2
2.4
__
1.4

1.3
1
.6

1.2

1.7
2.4
.44

1.1

.94
2.5
1.1
1.2

1.5
21.9
--
1.2

  ̂
_.
__
--

«  »

35.4
--
--

.63

.34

.32

.53

2.3
3.4
__
1.6

1.5
U4
.7

1.6

2.5
4.6
.78

2.1

1.2
3.4
1.4
1.8

2.1
36.5
--
1.9

  _
__
_.
 

   

54.6
--
 

.82

.86

.56

.87

3.6
6.2
__
2.4

1.7
2
1
2.0

3.5
7.4
.15

3.4

1.5
5
1.9
2.6

3.1
47
--
2.6

5.7
12.2
__
 

  « 

72.9
1.4
1.2

1
1.3
.78

1.2

4.8
12
1.6
3.7

2
2.7
1.4
2.2

5.1
11.4
2.3
5.0

1.8
7.4
3
3.9

4.4
 
1.6
3.7

10
33.8
4.7
7.6

__
92.6
1.9
1.6

1.3
2
1.2
1.5

5.9
22.4
2.1
5.5

2.2
3.9
1.9
3.0

7.3
18.2
3.3
7.6

2.5
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Table 2.--Continued

Element 
Element class

Crustal Sample 
abundance1 type

Percent!les

25th 50th 75th 80th 90th 95th 97.5 99th

Sc   
ss

  Lithophile 22 C-3
Peb 
Rx

.66

.32

.90
Of

.67

1.2 
1 ?X   C.

.34- 
1.1

1.3 
1 4.
.36 
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1.5

1.7 
? 4£  *t

.71 
1.9

2
1 R

.91 
2.2

2.3 
7.1
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Zr-
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Au-

Cu-
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1.5

33
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9.6

Siderophile <.05
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SS 
C-3 
Peb 
Rx

SS 
C-3 
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SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
Rx

SS 
C-3 
Peb 
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SS
C-3 
Peb 
Rx

.17

.27 

.07

14.2 34.4 141.1 359.4

7.4

.78
1.2
__
.55

1.1
2.1

.32
5

1.1
2.6
.54

1.0

1.5
3.1

.71
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1.5
4.9

.91
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1.6
6
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2.6
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1.9
2.6

3
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3.1
7.5
2.6
3.3

3.2
31.6

2.9
4.8

3.8
8.7
3.7
4.0

101 317.1 1290.5

.65
4.8
 
.45

.88
10.8

.69

1.2
21.2

.60
1.0

1.3
26.1

.69
1.1

1.6
35.5

.97
1.5 ,

2
44.2

1.2
1.9

2.3
49.8

1.6
2.3

2.8
53.5
--
3.2

14.9 44.8 79.3
4

63

.33

.56 

.36
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.99 

.79

.61

1.1 
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1.5 
1.4

.96

2.2 
2.2

1.1

3
3.4

5.8
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11.3
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_.
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_.

.79
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__
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_-
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Table 2. Continued

Element

Pb    

Zn    

u

Th    

F     

Th    

Ac-U   

(Inst)
U     

Element Crustal 
class abundance1

Chalcophile 12.5

Chalcophile 70

Lithophile 1.5

Lithophile 9.6

Lithophile 625

Lithophile 9.6

Lithophile 2.7

Lithophile 2.7

Sampl e 
type

SS
C-3
Peb
Rx

SS
C-3
Peb
Rx

SS
C-3
Peb
Rx

SS
C-3
Peb

SS
C-3
Peb
Rx
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C-3
Peb

SS
C-3
Peb

SS
C-3
Peb

Percentiles

25th

.66
 
__
.36

.71
 
.44
.48

  ̂

 
--.
 

.24
 
 

.40
 
 

.46
 
 

.78
 
 

1.5
 
 

50th 75th

1.1 1.6
__
.67 1.1
.84 1.2

1 1.4
_-
.73 1.2
.81 1.1

  «  «   

 

 

.32 .51
-_

 

.51
 
__

.65 .91
,-
 

1 1.4
..
 

2.1 3.1
 

..
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U7
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1.3
1.4
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1.3
1.3

« « 

 
..
 

.60
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1
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3.4
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2
--
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1.7
--
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^ ̂
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--
 

^ »
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2.1
..
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2.9
 
2
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3
2.0
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.
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1.9
 
 

M «»
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5.7
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4
 
3.1
3.2
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3.0
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1.5
1.6

2.5
 
 

   
 
 

1.9
 
 

3.8
 
 

6.8  ~
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6.2
 
5.3

15.5

5.6
--
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10.1

3.7
 
2.7
2.4

3.3
.-
- -

   
 
--

2.4
 
 

5.7
--
 

8.7
 
 

/8



Table 3. Analytical results for 1,449 stream-sediment samples, Petersburg 

study area, southeast Alaska. 

[See page 6 for explanation. Table pages run from 20 to 130]
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Table 4.--Analytical results for 442 stream-sediment pebble samples, 

Petersburg study area, southeast Alaska. 

[See page 6 for explanation. Table pages run from 132 to 170]

131



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S

S 
am
pl
e

0
1
C

8
 

0
1

0
8

A
 

0
1
3
0
 

0
3
5
3

L
a
t 

i 
tu

d
e

L 
o 

n 
y 

i t
 u

d 
e

F
e
-p

c
t.
 

s

5
.0

 
7
.0

 
5
.0

 
2

.0

M
g
-p

c
t.

s
C

a
-p

c
t 

s
T

i-
p
c
t.

S

M
n
-p

p
m

 
s

P
e

te
rs

b
u

rg
 

A1

A
g
-p

p
ro

 
$

A
s
-p

p
ra

 
s

A
u

-p
p

ro
 

s
B

-p
p

m
 

S

50
 

<
1

0
1

5
0

B
a

-p
p

ro
 

s 1
/5

0
D

1
/5

0
0

1
/3

0
3

20
0

B
e
-p

p
m

 
s

0
0
8
8

0
1
0
1

0
1

0
2

0
1
0
3

0
3

4
7

0
8
3
9

1 
.0

 
5
.0

 
5
.0

 
1
.0

 
1

0
.0 .5

N N
1 

.0
 

N N N

so 20 10 10

20
0

1
/5

0
D

1
/5

0
0 7
0

1
0

3

15
3

0
7
6
6

0
7
9
0

C
7

9
1

A
0

7
9

1
8

.
0

7
9

1
C

 '

0
7

9
1

0
0
7
9
2

0
7
9
2

0
7

9
2

A
0
7
9
2
8

0
7
9
3

U
7

9
3

A
0
8
1
6

0
'8

1
8

0
8
1
 9

0
8

1
9

A
0

3
2

0
0

8
2

5
0
8
3
0

1
3
8
8

5
6

5
6

5
6 5
6

5
6 56 56 56 56 5
6 5
6

5
6

5
6

5
6

5
6 5
6

56 56 56 5
6

1
4 6 3 3 3 3 3 3 3 3 3 3 1 3 4 4 2 0 1 3

2
6

2
9

2
3 23 23 2
3 24 24 24 24 34 34 2
0 24 24 24 2
9 9

5
9

1
6

1
3
2

1
3
2

1
3
2

1 
32

1 
32

1
3

2
1

3
2

1
3
2

1 
32

1
3
2

1
3
2

1
3
2

1 
3
2

1 
32

1 
32

1
3
2

1 
32

1
3
2

1
3
2

1
3
2

5
3

51 5
6 56 5
6

5
6 57 57 57 57 56 56 55 57 58 58 59 4
9 5
3 5
6

53 2
5

4
3

4
8 4
3

4
8 1 1 1 1 52 52 4
3 35 56 56 30 21
1

52

.3
5
.0

3
.0

3
.0

1
.0

3
.0

3
.0

3
.0 .5 .5

3
.0

3
.0

3
.0

3
.0 .7

3
.0

3
.0

5
.0

5
.0

1
.0

.7
0

2
.0

0
.3

0
1
.0

0
.3

0

1
.0

0
.7

0
1 

.0
0

.0
5

.0
5

1 
.0

0
1
.0

0
1
.0

0
.7

0
.5

0

.7
0

1 
.0

0
1 

.0
0

1
.0

0
.2

0

2
0
.0

0
2
.0

0
1

.0
0

2
.0

0
.5

0

2
. 

C
O

.7
0

1
.0

0
,0

5
<

.0
5

2
.0

0
1
.0

0
3
.0

0
,7

0
,7

C

1 
.0

0
1
.5

0
2
.0

0
3
,0

0
.1

0

.0
1

0
.1

5
0

.1
5

0
.1

0
0

.1
0

0

.2
0
0

,1
5
0

.1
5

0
.0

2
0

.0
2

0

.2
0

0
.1

5
0

,1
0

0
,1

5
0

.0
2

0

,1
5

0
.1

5
0

,1
5

0
.2

0
0

,0
5

0

1
5
0

7
0
0

1
5

0
7

0
0 2
0

1
/0

0
0

5
0

0
7

0
0 10

1
0

0

1
/0

0
0

7
0
0

7
0

0
2

0
0

2
0
0

2
0

0
7

0
0

1
/0

0
0

7
0
0 50

N N N N N N N N N N .5 N N N N N N N N N

N N
. 

N N N N N N N N N N N N N N N N N N

N N N
. 

N N 
'

N N N N N N N N N N N N N N N

<
1

0
<

1
0

<1
 0 10 1
0

1
0 30 10

<
1
0

<
1C <
1
0 30

<1
 0 30

<
1C

<
1

0
. 

2C
<

1
0 2
0 10

N
1
0
0

1
0
3
.

1
5
3

2
0

3

7
0
0

2
0
0

1
5

3 7
0

1
0

3

3
0

3
1

5
3 7
3

2
0

0 2
0

1
5

0
2

0
0

2
0

0
2

0
0

1
5

0

N N
. 

N N N N N N N N N N 1 N N N N N N N

a o o o



P
C

T
fR

S
U

L
lK

G
 

S
T

U
D

Y
 

A
R

E
A

 
P

E
B

B
L

E
S

 
A

N
A

LY
S

E
S

S
a
m

p
 l
e

01
 C

 8
 

0
1

G
8

A
 

01
 3

0
 

0
3

5
3

8
i-
p
p
m

 
s

C
d

-p
p

m
 

. 
s

C
o
-p

p
m

 
s

30 30 30 N

C
r-

p
p

m
 

s

20
0

SO
D

30
0 N

C
'u

-p
p

m
 

s
L
a
-p

p
m

 
s

M
o
-
p
p
m
 

s

Pe
te

rs
bu

rg
 
A1

N
b
-p

p
m

 
S

N
i-
p

p
m

 
s

1
0

0
1

0
0

1C
O <5

P
b
-p

p
m

 
s

10 20 15
N

S
b

-p
p

m
 

s
S

c
-p

p
m

 
S

20 3D 33
5

S
n

-p
p

m
 

S

0
0
3
3
 

0
1
C

1
0

1
0

2
0
1
0
3

0
3
4
7

0
8
3
9

N N N N N

N
30 50

N
50

N
1

5
0

3
0

0 10
N

5
7

0
2
0
0 7

7
0

N N 
.

2
0 30
N

N N
1

0 N N

20
N N

20
N

N
5

0
1C

O
 

'
N 5

2
0

1
0

2
0 30 1
0

N N N N N

<5 15 2
0 N

3
0

N N N N N

<
5

0
7
6
6

0
7

9
0

0
7
9
1
 A
 

07
91

B.
 

0
7
9
1
C

0
7
9
1
0

0
7
9
2

0
7
9
2

0
7
9
2
A

0
7
9
2
B

0
7
9
3
 

0
7
9
3
A
 

03
1 

6 
0
8
1
8
 

08
1 

9

0
8
1
9
A

L
8
2
0

C
8
2
5

0
8
3
0

1
3
8
8

N N N N N N N N N N

7
0 N N N 

.
N N N N N N

N
1

5 7 5 5 7 5
1C

N N

1
5 1
5 5

1
5 N

1
5 7

1
5

1
5 5

N
3
0 N N

50

N
50

N N N

1
5

0 20 1
0 30
N

2
0 10
N

15 1
0

5
7

0
3

0 7
5
0 5

5
0

7
0 7 5

7
0

2
0

1
0

1
0

0 2
0 7
0

7
0

1
0
0

7
0

1
0

N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N
<5

N 5 N

<
5 N N 5 N

N N N N N N N N N N N N N N N N N N N N

<
5

1
0

  
1
0 5

1
5 5

2
0 5 5 5

7
0

2
0

" 
1
0 30 1
0

2
0 1
5 5

3
0

1
0

N N
<1

 0 N N

1
0

<1
 0

< 
1 

0 N N

2
0

1
0

<1
 0 20
N

1C
<1

 0
<1

 0 3
0

1
0

N N N N N N N N N N N N
. 

N N N N N N N N

N
1

0 5- N N 5 7 5 N N

1
5 7 7 7 N 7 7

ID 1D <5

N N N N N N N N N N N N N N N N N N N N

/3
3



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S

S 
a 

m
p 

le

0
1

0
8

 
0

1
C

8
A

 
0
1
3
0
 

0
8
5
3

0
0
8
8
 

0
1
C
1

0
1
0
2

0
1
0
3

0
3
4
7

0
8
3
9

0
7
6
6

0
7
9
0

0
7
9
1
A

0
7
9
1
8

0
7
9
1
C

0
7
9
1
 D

0
7
9
2
 

0
7
9
2
 

0
7
9
2
A
 

0
7
9
2
8

0
7

9
3

 
0
7
9
3
A

 
0

3
1

6
 

0
8
1
8
 

0
8

1
 9

C
8

1
9

A
O

S2
0

0
8

2
5

03
3G

1
3
8
8

S
r-

p
p
m

 
s

1
0

0
20

0
20

0
1

0
0

1
0
0

V
-p

p
m

 
s

2
0
0

2
0

0
20

C 20

W
-p

pm s
Y

-p
p

m
 

s

20 20 30 10

N
20

0
3
0
0 N

1
0
0

10
30

0
  
30
0 10

50
0

N N N N N

30 20 30 30 70

3
0
0

30
0 N N N

7
0
0

20
0

1
0
0 N N

30
0

2
0
0

2
0
0

2C
O N

20
0 N

50
0

10
0 N

<
1
0

15
0

15
0 50

20
0

15
0

20
0

15
0

10
0

15
0

15
0

20
0

20
0

15
0

15
0

15
0

1
5
0

15
0

15
0

20
0

N N N N N N N N N N N N N N N N N N N N

N N N N N

<
1
Q 20
N N N N

10 30
<1

Q N

<1
Q

<1
 0

<1
 0 20
N

N N N N N N
<
2
0
0

2 
C
O N N

2
/
0
0
0 N N

30
0

30
0 N

<
2
0
0 N

<
2
0
0

20
0

Z
n
-
p
p
m

s
Zr

-p
pr

o
s

T
h
-
p
p
m

s
A
u
~
p
p
m

aa

Pe
te

rs
bu

rg
 
Al

N
30

0
' 

<2
00
N

15
0

15
0

15
0 30

N N N N

N N N N

Pe
te

rs
bu

rg
 
A2

N N N N 
.

N N

20
0

1
C
O

2
0
0

20
0

20
0 N

N N N N N N

<
.
0
5

<
.
0
5

N N N N

Pe
te

rs
bu

rg
 
A3

N N N N N N
<
2
0
0

2 
C
O N N

2
/
0
0
0 N N

30
0

30
0 N

<
2
0
0 N

<
2
0
0

20
0

N N
50 20 30 70 70 30
N N

30 70 70 70 30 70 70 20 70 30

N N N N N N N N N N N N N N N N N N N N

N N N 
 

N N N N N N N N N N N N N N
  

N N N

C
u-

pp
m

 
aa

55 30 20
5

P
b-

pp
m

 
aa

10 10 10
N

Z
n
-p

p
m

 
a

a

75

25 1 
5

1 
5

35 10

W
-p

p
m

 
cm

N N N
<2

N N N N N

<
.
0
5

<
.
0
5

N N N

5
50

1
6
0 <5
 

.
10

10
 

.
10 10
5

10

45 90
1
3
0 35

13
C

N N N N N

<2

15 85 85 10 A
O 5

AO 75 10 10 85 50 15 95 30 80 8
0

1
A
O 60 10

60
5

70 20 10

5
10
N 5

15 10
5

-1
C

25
N

1 
5

2C 10 70 30

1C 30
18

G 1 
5

1C 6C
16

0
5
3
0 50 45

6
/
C
U
G 60 7C

42
C

4
6
0

23
0

23
C 90

18
C

19
D

N N
<1
N

<1 <1
N N

<2 <2

N N N N N 2 N
<2
N

<1 p-
i



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
  
 c
oo
t 
1
n
u
e
d

S
a
m
p
l
e

0
4
7
7
 

0
8
0
3
 

C
3
0
3

0
7
1
1
 

07
1 
1A

 
G
7
1
2

1
C
2
4

1
0
2
4
A

1
G
2
6

1
0
2
3

1
0
2
9

1
0
3
1
B
 

10
31
 C

 
1
0
3
1
D
 

1
0
3
1
E
 

1
C
3
3
A

1
0

3
3
B

02
28

A
0
2
5
4

0
8
7
5

0
3

3
3

 0
88

5

0
2
2
7
 

0
2
2
7
A
 

0
2
2
7
B
 

0
2
2
7
C

0
2
2
8

Ld
t 

1 
tu

de
Lo

ng
 i
tu
de

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

6 9 5 6 6 6 5 5 7
14
5 6 6 6 6

10 1
0 24 27 22 2
6 26 25 25 25 25 24

25 27 13

7 7
23 22 22 53
3

1
9 5 5 5 5

32 32 52 46 36 15 16

7 7 7 7
52

1
3
3

1 1 1 1 1 1 1 1

33 33 33 33 33 33 33 33
1
3
3

1 1 1 1 1 1 1 1

33 33 33 33 33 33 33 32
1
3
2

1 1
32 32

13
2

1 1 1 1 1

32 32 32 32 32

3 9 4

35 35 36 58 58 57 55 58 57 57 57 57 56 56 11 12
4 0 0.

31 31 31 31 31

11 46 15 33 33 '4
7 0 0 40 35 40 30 30 30 30 28 23 56 41
5 6 21 47 47 47 47 48

F
e
-
p
c
t
.

s

5.
0 

7.
0

5
.
0

3
.
0
 

1 
.0
 

3.
0

M
g
-
p
c
 t

, 
s

C
a
-
p
c
t
.
 

s
T
i
-
p
c
t
.
 

s
M
n
-
p
p
m
 

s

P
e
t
e
r
s
b
u
r
g
 
A4

3
.
0
 

3.
0

3
.
0

5.
0 

3.
0 

3.
0 

3
.
0
 

3.
0

5.
0 .1
 

5.
0 

5.
0 

2.
0

2
.
0
0

.5
0

1
.
0
0

2
.
0
0

.5
0

2
.
0
0

3
.
0
0

2
.
0
0

1
.
0
0

2
.
0
0

.5
0

.7
0

1 
.0
0

.7
0

1
.
0
0

1
.
0
0

1
.
0
0

2
.
0
0

1 
.5

0
.
5
0

.7
0

.5
0

2
.
0
0

.C
2

2
.
0
0

1
.
C
C

1
.
0
0

.1
5 

.
2
0
0

1
0
.
0
0
 

.0
50

2
.
0
0
 

.
3
0
0

P
e
t
e
r
s
b
u
r
g

5
.
0
0
 

.C
50

3.
 O
Q 

.
0
2
0

2
.
0
0
 

.2
00

Pe
 t
e
r
s
b
u
r
g

3
.
0
0
 

.
5
0
0

7.
 0
0 

.
1
0
0

3.
 C
O
 

.
2
0
0

1
.
5
0
 

.5
00

.7
0 

.
1
0
0

2
.
0
0
 

.
1
5
0

1
.
0
0
 

.
2
0
0

1
.
C
O
 

.
1
5
0

2
.
0
0
 

.
3
0
0

1
.
5
0
 

.
3
0
0

2
.
0
0
 

.
3
0
0

Pe
t 
e
r
s
b
u
r
 g

2
.
0
0
 

.
3
0
0

2.
 C
O 

.2
00

1
.
0
0
 

.
1
5
0

2
.
0
0
 

.
5
0
0

.5
0 

.
0
5
0

P
e
t
e
r
s
b
u
r
g

2
.
0
0
 

.
2
0
0

.0
7 

.
0
0
5

2
.
0
0
 

.
3
0
0

.
5
0
 

.
2
0
0

2
.
0
0
 

.2
00

7
0
0

1
/
C
O
C

70
0

AS

1
/
0
0
0

1
/
0
0
0

70
0

A6

1
/
0
0
0

1
/
0
0
0

70
0

7
0
0

20
0

7
0
0

2
0
0

2P
G

70
0

7
0
0

7
0
0

B1

1
/
0
0
0

50
0

7
0
0

7
0
0

2
0
0

62

2
/
0
0
0 50

5
/
0
0
0

2
/
0
0
0

50
0

A
g
-
p
p
m

s

N N N N N

7
.
0 N N N N N N 

1 
.0 N N 

7
.
0

A
s
-
p
p
m

s

N N N N 
3
/
0
0
0 N N N N N

A
u
-
p
p
m
 

S
B
-
p
p
m

s 10 :1
0 70 30 30 10 30 30 10 10 10 10 10

B
a
-
p
p
m

s

5C
C 20

3
0
0

1
5
0 20

15
3

3
0
0

1
/
0
0
0

1
/
j
C
O

2C
D

15
3

15
0

B
e
-
p
p
m
 

s

7
0
0

1
5
0

5C
3

2
0
0
'

1
5
9

1
5

3
5
0
0

3
0

3
1

5
0

33
3

N N 1 N N N N N N N 1 1 N N

1C

N N N N N

N N N N N

<1
0

<1
0 10 50 1C

1
/
3
D
3 N

70
0

7C
O

10
3

1 N N 1 2

/3
S-

P
-
H



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

LE
S

 
A

N
A

L
Y

S
E

S
--

c
o

n
ti
n

u
e

d

S
a
m

p
le

0
4

7
7

0
8

0
3

0
8
0
3

B
i-
p

p
m

s
C

d
-p

p
m

 
s

C
o

-p
p

m
 

s

15
5

30

C 
r-

p
p

m
s

30
N

30
0

C
u

-p
p

m
 

s
L

a
-p

p
m

 
s

M
o

-p
p

m
 

s

P
e
te

rs
b
u
rg

 
A

A

N
b
-p

p
m

s
N

i-
p
p
m

s

1C 1
0

1
0
0

?
b
-p

p
m

 
s

N 
1

5

S
b

-p
p

m
s

S
c
-p

p
m

 
S

10
N

23

S
n

-p
p

m
 

s

0
7

1
 1

0
7
1
1
 A

0
7
1
2

1
0 N

1
5

N N
1
0

20
 

<5
5

1
0
 N N

1
0
2
4

1
0

2
4

A
1
0
2
6

1
0

2
8

1
0

2
9

1
C

3
1

B
 

1U
 3

1 
C 

1
C

3
1

D
 

1
0
3
1
E

 
1
0
3
3
A

1
C

3
3
B

N N K N N N N N N N

2
0 5 7

2
0 5

10 1
5

10 15 1C

30
N N N N N

2
0 N

2
0

20

7
0

1
0 5
0

7
0

1
0

5
0

7
0

1C
O 5
0

2
0

N N N N N N N N N N

N N N N N N
<

5 N N N

N N N N N N N N N N

2
0

<
5 5

1
5

1
0 5

2
0

<
5

1
5 5

<
1

0 N N
<

1
0 N

7
0 N N N N

N N
 

 
N N

1
0

0

1C
O   
N N N N

13
N 5

ID
N 5 5 N 7 7

N N N N N N rj N N N

15
20

1
0

C
22

8A
02

54
0
8
7
5

0
8
8
3

0
3
3
5

N N N N 
1
0

N N N N N

30 15 15 15 10

20
0 50 30
N N

20 50 70 70
1
0
/
0
0
0

N
70
N

2
0

7
0

N N N N
50

N N N N
2
0

3
0
3
0 20
5

<5

20 30
N N

20

N N N N N

15 15
7 1C N

N N N N N

0
2
2
7
 

02
??

A
 

C
22

7B
 

02
27

C
0
2
2
8

N N N N 
.

N

3
0 N 5C 30 10

20
N

10
0 70 70

50 <5
10

0
10

0 50

N N N N N

N N N 5 N

N
<
2
0 N N N

15
N 5C 50 20

15
N

15 15 20

N N N N N

15
N 15 15 15

N N N N N

P
-5



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
U

LE
S

 
A

N
A

L
Y

S
E

S
--

c
o

n
ti
n

u
e

d

S 
am

p
le

0
4

7
7

0
3

0
3

0
8

0
8

0
7

1
1

 
0
7
1
1
A

0
7

1
2

1
C

2
4

1
0
2
4
A

1
0

2
6

1
0

2
8

1
0
2
9

10
 3

1 
B 

1
0

3
U

 
1

0
3

1
0

 
1
0
3
1
E

 
1
D

3
3
A

10
33

B

02
28

A
0

2
5

4
0

3
7

5
0

3
8

3
0
8
3
5

0
2
2
7

 
02

27
A

 
02

27
B

 
C

22
7C

0
2
2
8

S
r-

p
p
m

 
s

SC
O

 
3
0
0
 

5
0

0

7
0

0
-5

0
0

5
0

0

7
0
0

50
L)
 

20
0 

20
0 

10
0 

1C
C

V
-p

p
m

 
s

15
0 50

20
0 50 10

15
0

1C
O

20
C 

10
0 

15
0 

20
0

W
-p

p
m

 
s

Y
-p

p
m

 
s

N
20

 
20 20 20 20

Z
n

-p
p

m
 

s

10 20 50 30 20

70
0 N

50
0 

.
20
0

7C
C

20
0 10

20
0

20
0

2C
C-

N N N N N

20
N

20 20 20

Z
r-

p
p
m

 
s

Pe
te
rs
bu
rg
 
A4 30 N 70

Pe
te
rs
bu
rg
 
A5

<2
GO
N N

20 10 30

P
e
t
e
r
s
b
u
r
g
 
A6

7
0

0
3Q

C
5
0
0

7
0

0
1

0
0

1
0

0 N
2
0
0

3
0

0
3

0
0

3
0
0 3
0

1
0

0
2
0
0 50

1
0

0
1
5
0 3
0

1
0

0
1

0
0

N N N N N N N N N N

3
0

<
1

3 2
0 20
N N

<1
 0

<i
b N

10

<
2

0
0 N N

<
2
0
0

1
,5

0
0

3
0

0 N N N N

1
5

0 N
7

0
1
0
0

3
0

70 7
0 50 50

1
0
0

N 
10

0 

P
e
t
e
r
s
b
u
r
g
 
B1

10
0 

20
C 70
 

15
0 

20
0

P
e
t
e
r
s
b
u
r
g
 
02

N N N
2C

O N

10
0 N

10
0 

10
0 

10
0

Th
-p

pr
o 

s
A
u
-
p
p
m
 

aa

N N N N N N N N N N

<
.0

5
<

.0
5

<
.0

5
<

.C
5

.0
9

N N N N N N N N N .4
5

N N .3
0

N N

C
u
-
p
p
m
 

aa

85 40 55 20
5

20 65

P
b
-
p
p
m
 

aa

20 40 10 35 25
N

15

Zn
-p
p.
il
 

aa

95 30
13

C

15
0 35 10

11
0

W-
pp

m 
cm

N 
<2
N

50 20 35 50 15 30
10
0

18
0 65 45

1C 25
 

 
10 10 N

17
0 15 10 20 15

55 25 55 90
1
/
1
3
0

53
0

10
0 25 70

12
0

N N N N 1 1 N N N N

1C 45 70 95 80

10 15
5 5

15

60 85 85 25
15

C

N N N
<2 <2

40
N

70 70 10

15 <5 15 10
5

7C
N

10
0

12
0 40

N N N N N

S3
7



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
O
P
L
E
S
 
A
N
A
L
Y
S
£
S
-
-
c
o
n
t
i
n
u
e
d

S
a

m
p

le

0
2

3
0

G
23

2
0

2
6

6
0
9
C

5

L
a
t 

i 
tu

cl
e

56
 

22
 

21
56

 
22

 
1

0
56

 
18

 
42

56
 

1 
3 

42

L
o

n
y 

i 
tu

d
e

1
3

2
 

33
 

35
1

3
2

 
2

9
 

5
1

3
2

 
20

 
38

13
2 

39
 

32

F
e

-p
c
 t

 .
s

7
.0

1
5

.0
5

.0
3

.0

M
g
-p

c
t.
 

C
a
-p

c
t.

s 2
.0

0
1

0
.0

0
2
.0

0
1
.0

0

s 1
.0

0
5

.0
C

1
.0

0
2

,0
0

T
i-
p
c
 t
.

s .5
0

0
1.

C
O

O
.5

0
0

.3
0

0

M
n-

pp
ro

 
A

g
-p

p
ro

s

2
/0

0
0

5/
O

C
O

5
0

0
7

0
0

s

N N
1

.0 N

A
s-

p
p

m
 

A
u

-p
p

m
s

N N N
7
0
0

s

N N N N

B
-p

p
m

s

50 10
15

0 30

B
a

-p
p

u
t 

B
e

-p
p

m
s 1
/0

0
3

3
0
3

1
/C

C
3

2
0
0

s

1 N 1 N

0
0
2
9

0
7
5
5

0
7
5
5
A

0
7
5
9

0
6
9
4
 

0
6
9
4
 

0
6
9
4
A
 

0
6
 9
4 

A" 
0
6
9
4
0

0
7
2
9

0
7
3
0
 

1 
23
C

1
2
3
2

1
2
3
3

1
2
3
3
A
 

1
2
3
3
B
 

1
2
3
3
C

1
2
3
4

1
2
3
6

1
U
3
5
 

1
0
5
7
 

1
G
6
G

1
0
U
9
A
 

1
C
0
9
B
 

1
C
0
9
C
 

1 
35

8 
1
3
6
3

56
 
24
 
3
8
 

13
2 

54
 
25

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

1? 17 19 28 28 28 28 23 18 1? 26 26 26 26 26 26 27 29 1? 19 21 38 38 33 42 42

20 20
7

20 19 20 19 19

A
31 15 14 56 56 56 56 2 59 43 45 45 18 18 13 28
4

1
3
3

1
3
3

1
3
3

13
3

1
3
3

1
3
3

1
3
3

1 
33

1
3
3

13
3

13
3

1 
33

13
3

1
3
3

1
3
3

1
3
3

1 
33

1
3
3

1
3
3

13
3

13
3

1
3
2

1
3
2

13
2

1
3
2

13
2

14 14 10 39 39 39 39 39 31 28 33 33 29 29 29 29 29 26 55 53 53

9 9 9
19 14

53 53 10 50 43 50 48 48 55 14 56 10 4C 4U 4C 4U 15 28 58 35 30 1U 1U 10 15 51

7
.
0

3.
0 

3.
0 

7.
0

2.
0 

1
.
0
 

3
.
0
 

5.
0 

3
.
0

3.
0

3
.
0
 

3.
0

5.
0 

5.
0 

5.
0

1 
.0
 

3
.
0
 

5.
0 

3.
0 

3
.
0

2
.
0
0

1.
00 .5
0

2
.
0
0

.0
5 

.0
2 

.5
0 

.
7
0
 

.0
5

.7
0

1 
.0

0 
.7
0 

.
5
0

<
.
0
2

<
.
0
2
 

.0
3 

.0
2 

.1
C 

.0
5

2
.
0
0
 

.
5
0
 

.7
0

.0
5

.7
0

2
.
0
0

1 
.0
0

.7
0

P
e
t
e
r
s
b
u
r
g
 
B3

1
.
0
0
 

.5
00

 
1
/
5
0
0

Pe
te
rs
bu
rg
 
B4

3
.
0
0
 

.3
00

 
1
.
0
0
 

.5
00

 
2
.
0
0
 

.3
00

P
e
t
e
r
s
b
u
r
g

2
.
0
0
 

.
1
5
0
 

<
.
Q
5
 

.1
00

 
3
.
0
0
 

.1
50

 
.7

0 
.5
00
 

<
.
0
5
 

,
1
0
0

2
.
0
0
 

.
3
0
0
 

1
.
0
0
 

.5
00
 

1
.
0
0
 

.3
00
 

1
.
0
C
 

.
3
0
0
 

<
.
0
5
 

,
1
5
0

<
,
C
5
 

.
1
5
0
 

N 
.1

50
 

<
.
C
5
 

.1
50

 
1
.
5
0
 

.1
50

 
.0
5 

.1
50

Pe
 t
 e
 r
 s
bu

r 
g

3
.
0
0
 

.
5
0
0
 

.1
0 

.
1
5
0
 

1
.
5
C
 

.5
00

P
e
t
e
r
s
b
u
r
g

<
.
0
5
 

.0
10

 
1
.
0
0
 

.
1
5
0
 

1
.
5
0
 

.3
00

 
1
.
5
G
 

.
2
0
0
 

1
,
0
0
 

,
2
0
0

7
0
0
 

SC
O 

3
/
0
0
0

B5

70
0 50
 

7
C
O
 

7C
C 

70
0

70
0 

7
0
0
 

7
0
0
 

7
0
0
 

50
0

2
0
0
 

2
0
0
 

15
0 

1
/
0
0
0
 

1
5
0

B6

7C
O 

1
0
0
 

7
0
0

C1

N 
2
0
0
 

70
0 

7
0
0
 

7
0
0

1
.
0 N N K N

N N N N 
2
0
0 N N N N N N N N N N

7
0
0
 N N N N

30 50
1C

O 13 20 30 10 10 21 10
 

:1
0 

2G

1
/
5
0
0

30
0 

SC
O 

5C
.O 70 33
:

50
3 73

70
0

1 
/ 
- 
CD

7C
3

70
0

5
0
0 70

1 
50

1
5
0 73

53
3

5C
G

15
0

1 
53 N N

<
2
3

<2
3

1 
53

1
0
3

1 1 N 5 3 1 N N 5 3 3 5 3 3 3



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
£
S
-
-
c
o
n
t

S
a
m
p
l
e

0
3
3
0

0
2
3
2

0
2
6
6

0
9
0
5

0
0
2
9

0
7
5
5

0
7
5
5
A

0
7
5
9

0
6
9
4

0
6
9
4

0
6
9
4
A

0
6
9
4
A

0
6
9
4
B

0
7
2
9

0
7
3
0

1
2
3
0

1
2
3
2

1
2
3
3

1
2
3
3
A

1
2
3
3
0

1
2
3
3
C

1
2
3
4

1
2
3
6

1
0
3
5

1
0
5
7

1
0
6
0

1
0
0
9
A

1
0
Q
9
B

1
C
G
9
C

1
3
5
8

1
3
6
3

B
i-
p

p
m

s

N N
- 

N N N N

. 
N

, 
,

N N
 

.
N

, 
N N

. 
.'

N N N N N N N N N N
, 

N I N N 
,  

N

i 
N

 
j.

N 
'

N N N

C
d
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N 
<

N N N N N N

C
o

-p
p

m
s

50
1
0
0 10 15 2C 15 20 15

N
<5 15 10

N

10 15 1C
5 N 5 N N

10
N

20
5

10

5 5
15

7
1

0

C
r-

p
p
m

 
C

u
-p

p
m

s

1
5

0
1
5
0

, 
2
0
0
 

,
70 70 20 10 50

N N N
1
0 N

20 50 2
0 N N N N N

20
N

2
0 N N N

3
0

73 2
0 

'

N

s

1
0

0
2
0
0 7
0

  
7
0

1
5

0 5
0

7
0 5Q

5
<

5 5 7
<

5 30 50 3D 10 <5 <5 <5 <5
7

<
5 50 20 20

1
0
0 7
0

70 20 1'
0

L
a

-p
p

m
 

M
o

-p
p

m
s 

s

N N N N

P
e
te

rs
b
u
rg

 
8

3

1
0

0

P
e
te

rs
b
u
rg

 
84

50 20 30

P
e

te
rs

b
u

rg
 

85

N N N
'

20
N

20 20
N

30 70 20 30
' N

50 20

P
e

te
rs

b
u

rg
 

86

N N
30

P
e
te

rs
b
u
rg

 
C1

N N
1
0
0 N N

N N 5 N N N N N N N N N 7 N N N N 5 N N N N N N N N N
2

0 N N N

N
b
-p

p
m

S

N N N N N N N
70

N N N
70 70

N N N
50 70 70 70

1
0
0 30 30

N
3C

N 
'

N N N N N

N
l-
p

p
ra

S

50 50 1
5 3
0 7
0

1
5

 
'

1
5 50 <
5 5

<5 2
0

  
<

5

10 20 1C
5

<5 <5 <
5

<
5

1
0 <5 15 10
5

<5 7
0 30
5 5

P
b

- 
pp

m
s

20
<

1
0

20
<

1
0

<
10

<
1
0 1
0

 
.

50

<
1

0
<

1
0 N

<
1
0

<
1
0 2
0

<
1
0

<
1
0

<
1
0 10 10 10 10 1.
0

<
1

0 N
<

1
0

<
1

0 70
N

10
N N

S
b
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

S
c
-p

p
n

S

20
1
0
3 2C 1C 15 13 15
7

<5
N 5 7 M 7

10
7 5 5

<5 <5
5

<5
N 7 5 7 N 5

13 10 <5

S
i-
p

p
m

s

N N N
15

N N N N N N N N N N N N N N N N
<

n M N N N N N N N N N



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
 
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

0
2
3
0

0
2
3
2

0
2
6
6

0
9
0
5

0
0
2
9

0
7
5
5

0
7
5
5
A

0
7
5
9

0
6
9
4

0
6
9
4

0
6
9
4
A

0
6
9
4
A

0
6
9
4
Q

0
7
2
9

0
7
3
0

1
2
3
0

1
2
3
2

1
2
3
3

1
2
3
3
A

1
2
3
3
0

1
2
3
3
C

1
2
3
4

1
2
3
6

1
0
3
5

1
0
5
7

1
0
6
0

1
0
0
9
A

1
0
U
9
B

1
0
0
9
C

1
3
5
8

1
3
6
3

S
r
-
p
p
m
 

s 3C
C 

3
0
0
 

50
0 

30
0

20
C

50
0

20
0

70
0

2
C
O
 N

1
C
O
 

1
0
0 N

70
0 

2C
O 

1
5
C
 

10
0 N N N N

10
0 

1
0
0

30
0 N

1
0
0 N N

1
0
0
 

3
0
0
 

30
0

V
-
p
p
m
 

s

30
G

1
/
5
0
0

20
0

15
0

30
0

20
0

20
0 30
N

10
0 70
 N

10
0

20
0

1
5
0 30
N N N N

20

15
0 

1
C
O 50 10

50
0

15
0

15
0

10
0

W
-
p
p
m

s

N N N N

Y
-
p
p
m

s 30 30 50 20 3C 23 20 20

N N N N N N N N N N N N N N N

20 20
N

50 50 30 30 10 50
10
0 70

13
0

1
G
O 50 50 10 53 30

N
30

 
30
 

10
N

Z 
n-

pp
ro

s <2
00

<2
00
N N

Zr
-p

pm
s 15

0 30
20
0

10
0

T
h
-
p
p
m

S

N N. N N

A
u
-
p
p
m

aa

N N N N

P
e
t
e
r
s
b
u
r
g
 
83

N
20
0

N
N

P
e
t
e
r
s
b
u
r
g
 
B4

N N N

15
0

20
C 70

N N N

N N N

P
e
t
e
r
s
b
u
r
g
 
65

N N N N N N N N N
<
2
0
0

<
2
0
0

2
0
0

. 
<
2
0
0 N N

20
0

15
0 50

SC
O

70
0

30
0

20
0

10
0

7C
O

70
0

70
0

70
0

1 
, 
GC

O
50
0

SC
O

N N N N N N N N N N N N N N N

N N N N N N N N
<
.
0
5

N N N N N
<
.
C
5

P
e
t
e
r
s
b
u
r
g
 
B6

N
2
0
0 N

70
50
0

2
0
0

N N N

N N N

P
e
t
e
r
s
b
u
r
g
 
C1

1
/
0
0
0

1
,
5
C
G

<
2
C
O N N

N 7C
1
0
0 70

15
0

N N N N N

.9
0

.0
5

.0
5

N N

C
u
-
p
p
m
 

aa

70 70 40 85

1
0
0 25
 

AO
 

AO 60 25 2
0

P
b
-
p
p
m
 

aa

15 5
10 10 10 15 15 20

Z
n
-
p
p
m
 

aa

5
<5 10 10 <5 15 25 45 15 <5 <5 <5 <5 15 <5

5
1C
5

10 20 1C
5

1C 15 2f
i

20 25 20 20 10 20 2
0

10

9C
 

15
 

3C
 

85 95 5C 65
1 
30

5 5
75

 
13
C 

12
1) 35 45
 

6C
 

65

14
C.

20
1

13
f. 3C 70 7C
 

1
3
L

W
-
p
p
m
 

cm

N N N N

<1

9
5 5
5

6
5

7
0

2
0

2
3

0 5
15

5 5

1
*7

3
C

1
*3

5
0

22
C

. 4
5

5C

N
<1 <1

N N



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S
--

c
o
n
ti
n

u
e

d

S
am

p 
le

L
a
ti
tu

d
e

L
o
n
g
 i
tu

d
e

F
e
-p

c
t.
 

s
M

g
-p

c 
t.
 

s
C

a
-p

c
t.

 
s

T
i-
p

c
t.

 
s

M
n

-p
p

m
 

s
A

g
-p

p
m

 
s

A
s

-p
p

m
 

S
A

u
-p

p
m

 
S

B
-p

p
m

 
s

B
a
-p

p
m

 
s

B
e

-p
p

m
 

s

0
1

7
2

 
01

 7
2A

 
0
1
7
5
 

0
9

9
8

 
1
2
8
8

1
2
9
4

1
2
9
6

1 
2
9
8

1
3

0
0

1
3

0
1

1
3
0
2

1
3
0
4

0
1
7
8

0
4
1
4

0
9

2
5

1
2
4
0

1
2
7
6

1
2
7
7

1
2

7
9

1
2
3
0

1
2

8
1

1
2
3
3

1
2
8
4

1
2
8
5

1 
2
3
6

1
2

8
7

1
2

3
9

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

34 44 44 42 42 40 40 38 37 31 31 30 42 42 41 4C
I

41 39 38 39 4
3 40 32 36 31 41 41 38 39 40 43 42 4
3 41 42 41

28 41 54 40 45 23 21
7

26 26 26
5 9

33 16 56
1 4

15

5
16 18
5

10 29 15

6
30 47
0

46 25 53 44
5

36

1
3
2

1
3
2

1
3
2

1
3
2

1
3
2

13
2

13
2

1
3
2

1
3
2

1
3
2

13
2

1
3
2

1
3
2

1
3
2

1 
32

13
2

1
3
2

1
3
2

1
3
2

1
3
2

13
2

13
3

1
3
3

1
3
3

13
3

1
3
3

13
3

1
3
3

. 
13

3
1
3
3

1 
33

1
3
3

1
3
3

1
3
3

1
3
3

1
3
3

21 2
5 23 29 26 25 25 28 32 54 54 49 57 55 43 43 4
3 46 40 46 54 15
8

16
9 1 1

15 15
6

11

7 8 4 5 3

47 35 35 33
,

42 34 21 41 45

7 7
10 21 55 59 15 15 33 18 46 30 30 12 10 38
2

14 51 28 11 13 45 59 6 G 20

5
.0

1 
.0

1
0

.0 .1
3
.0

3
.0

5
.0

 
3
.0

2
.0

 
5
.0

3
.0

 
3

.0
 

5
.0

 
3
.0

 
3

.0

P
e
t
e
r
s
b
u
r
g
 
C2

1 
.0
0

.7
0

.7
0

.
7
0

.7
0

.
7
0

1
.
0
0

1
.
0
0

.
5
0

1
.
5
C

.2
0

5
.
0
0

.0
2

.
7
0

.
5
0

1
.
0
0

2
.
0
0

.7
0

.
7
0

1
.
0
0

1
.
0
0

2
.
0
0

2
.
0
0

1
.
0
0

1
.
C
O

.
7
0

.7
0

.7
0

.7
0

1
.
0
0

.7
0

.7
0

.7
0

1
.
0
0

.
7
0

1
.
0
0

2
.
0
0

1
.
0
0

, 1
 .
00

1
.
C
O

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
C

1
.
0
0

2
,
0
0

1
.
0
0

1
0
.
0
0

<
.
0
5

.2
0

.5
0

2
.
0
0

1
.
5
0

.7
0

.5
0

2
.
0
0

.
7
0

2
.
0
0

3.
 C
O

2
.
0
0

2
.
0
0

1 
.5
0

.5
0

1
.
C
C

2
.
0
0

3
.
0
0

2
.
0
0

.7
0

1
.
0
0

2
.
0
C

> 
.7
0

1
.
0
0

.
1
0
0

.
2
0
0

.2
00

.2
00

.2
00

.1
50

.
2
0
0

.2
00

.
1
0
0

P
e
t
e
r
s
b
u
r
g

.2
00

.
0
5
0

.3
00

.0
02

.1
50

.
2
0
0

.
3
0
0

.
3
0
0

.
1
5
0

.2
00

,3
00

.
2
0
0

P
e
t
e
r
s
b
u
r
g

.3
00

.1
00

,
5
0
C

.
2
0
0

.1
50

.
2
0
0

.
2
0
0

.7
00

.0
50

.
2
0
0

.
1
5
0

.
1
5
0

.
2
0
C

.
1
5
C

.
3
0
0

50
0

7
0
0

50
C

50
0

70
0

50
0

7
0
0

7
0
0

1
5
0

C3

2
/
O
C
O

1
/
C
O
O

5
/
0
0
0 50

1
5
0

2
0
0

70
0

7
0
0

2
0
0

50
0

70
0

50
0

C4

1
,
0
0
0

2
/
G
C
O

70
0

50
0

50
0

2C
O

7
C
O

70
0

1
/
0
0
0

70
0

7
0
0

SC
O

70
0

2C
O

50
0

N N N N N N N N N

N N N N N N N N N

<
1
0

<1
 0

<1
0 10 10 20

<1
C 10

<
1
0

2
0
3

7
0
3

7
0
0

1
/
0
0
3

2
C
3

7
0
3

50
0

3
3
0

1 
50

1 N N N 1 N N N 1

N N N N N N N N N N N N

N N N N N N N N N N N N

<
1
0

<
1
C 10

<1
 0 10 3C
/

<
1
C 20 30 10

<1
0 20
 

.

1
/
C
C
3

73
3

2
/
0
0
3 N

2
0
0

1 
53

2
0
3

5
0
0

70
0

50
0

53
3

50
3

1 1 N N N N N N N N N N

N
<
2
0
0
 N N N N N N N N N N N N N

1
C
O 10 10

-C
GO

 
1 
53

 
15

0 
15
3 

1 
50

1 
50

2
0
0

2
0
0
 

5
C
D
 

2
0
0

2
0
3
 

1G
C 

1
0
0
 

2C
j 

10
3

P
-
 1

0



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

S 
am

p 
le

0
3
G

8
1
3
5
4

1
3
5
5

1
3
5
6

1
3
5
7

1
3

5
9

1
3

6
1

1
3
6
4

1
3
6
5

0
1
7
2

0
1
7
2
A

C
1
7
5

C
9
9
8

1
2
8
8

1
2
9
4
 

1
2

9
6

 
1
2
9
8
 

13
C

O
1
3
0
1

1
3
0
2

1
3
0
4

B
i-
p

p
m

 
S

C
d

-p
p

m
 

S
C

o
-p

p
m

 
S

5 7 7
1
0 10

5
15 1

0 5

C 
r-

p
p
m

 
S

10
N

30
 

70
 

70 N
1

0
0

 
70

 
10

C
u

-p
p

m
 

s
L

a
-p

p
m

 
s

M
o

-p
p

m
 

s
N

b
-p

p
m

 
s

N
i-
p
p
m

 
s

P
b

-p
p

m
 

S
S

b
-p

p
m

 
s

S
c
-p

p
m

 
S

S 
n
-p

p
m

 
s

P
e
te

rs
b
u
rg

 
C

2

5
2

0
2

0 15 20 1
0

70 20 1
5

N N N N N N N N N

N N N N N N 7 N N

N N N N N N N N N

<
5 5

1
0

2
0

3
0 5

50 5
0

1
5

2
0 N N N N

<
1

0 N
<i

 o
<1

 0

N N N N N N N N N

M 5 7 7 7 5 5 7 M

N N N N N N N K N

C
3

N N N N N N N N N N N N

1
5 N

5
0 5

1
0

1
0

15 20 1C 10 15 1
5

2
0 N

3
0

0 N
7
0

30 7
0

2
0
0

1
0
0 7
0

50
2
0
0

50 1
0

1
5

0 <
5

1
5

1
5 2
0

7
0

1
5

1
0

7
0 50

N N N N N N N N N N N N

N N N N N N N N N N N N

N N N N N N N N N N N N

1
0 N

5
0 5

5
0

2
0 5
0

7
0

5
0

1
5

1
5

1 
1
0
0

3
0

5
0

1
0 N N N N

<
1
0

1
0 N N N

  N N N N N N N N N N N N

1
3 !>J

 3
3 N

<5

5 7
13 <5

7 7 7

N N N
. 

N N N N N N N N N

C
1

7
8

 
0

4
U

 
0

9
2

5
 

1
2
4
0

1
2
7
6

1
2

7
7

1
2

7
9

1
2
3
0

1 
2
8
1

1
2
3
3

1
2
8
4

1
2
3
5

1 
2
8
6

1
2
8
7

1 
2

8
9

N N N N N N N N N N- N N N N N

1
0

1
C 20 1
5 5

15 10 15
5 

,
15

N
1C 15
5

15
 

,

30 50 73 70 N

70 10
N N N

1
0 N

70 50 73

70 20 15 10 10 10 15 10 10
1
0
0 20

2
0
0 70 10 70

N N N N N N N N N N N N N N N

N N N N N N N N N N N 7 N N N

N N N N N N N N N N N N N N N

30 20 20 30
5

15
5

. 
5

10
5

<5 <5 3
0

20 30

10 10
N N N N

1
0

<1
 0 N N N N

<1
 0 N N

N N N N N N N N N N N N N N N

1
0 5

10 1C
.

<5

5 5
10
N 7 5

<5 10 <5
7

N N N N M N N N N M N N N N N



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S
--

c
o
n
ti
n
u
e
d

S
a
m

p
le

0
3
0
3

1
3
5
4

1 
3

5
5

1
3

5
6

1
3
5
7

1
3
5
9

1
3

6
1

1
3
6
4

1
3

6
5

0
1

7
2

0
1

7
2

A
0
1
7
5

0
9
9
8

1
2

3
3

1
2
9
4

1
2

9
6

1
2
9
3

1
3
0
0

1
3

0
1

1 
30

2
1
3
0
4

0
1
7
8

0
4

1
4

0
9
2
5

1
2
4
0

1 
2

7
6

1
2
7
7

1 
2

7
9

1
2
8
0

1
2

3
1

1
2
3
3

1
2
8
4

1 
2
3
5

1 
2

8
6

1
2
3
7

1
2
8
9

S
r-

p
p
m

 
s

V
-p

p
m

 
s

W
-p

p
i

S

Y
-p

p
m

S

70
0

20
0

20
0

30
0

30
0

30
0

3C
O

30
0

30
0

2C 50
1C
C

10
0 

.
10

0 50
15

C
15

0 20

N N N N N N N N N

N
1
0
1
0

<1
 0

<1
 0

<1
0 N

<1
0 N

1 1

/G
OG 20
0

,0
00
N

10
0

10
C

70
0

20
0

20
0 N

30
0

10
0

20
0 30

20
0

<1
 0 70 50

15
0

15
0 50

10
0

15
C

1C
O

N N N N N N N N N N N N

3
0 10 20
N N N N

10
N N

<
1
0 N

1
/0

0
0

50
0

2
0
0

2
0
0

3C
O

10
0

1C
C

50
0 

.
N

7
0
0

1
0
0

5
0

0
5

0
0

1
0
0 N

2
0
0

1
0

0
1
5
0

1
5

0
15

C

1
5
0

1
0
0

3
0

0 2
0

3C
C

1
5
0

1
5

0
3

0
0 7
0

1
5

0

N N N N N N N N N N N N N N N

20 10 20
N N

<
1

0 30 2
0 N

1
0 N

<1
 0

<1
 0 N N

Z
n

-p
p

m
s

Z
r-

p
p

m
s

T
h

-p
p

m
s

A
u

-p
p

m
aa

P
e
te

rs
b
u
rg

 
C

2

N N N N
<2

G
O N N N N

5
0

1
0

0 70
1

0
0

1G
O

1
0
0 7
0 70

1
0
0

N N N N N N N N N

N N N N N N N N N

P
e

te
rs

b
u

rg
 

C
3

N N
<

2
0
0 N N N N

<
2
0
0

<
2

0
0 N N N

1
5

0 7
0 7
0 N

7
0 50 7
0

1
0

0 3
0

70 70
1

0
0

N N N N N N N N N N N N

N N N N N N N N N N N N

P
e
te

rs
b
u
rg

 
C

4

N N N N N N N
<

2
0
0 N N N N N N N

1
0
0 50

1
0
0 30 50

1
5
0

2
0
0

1
5

0 2
0 70 7
0

1
0
0 30 7
0

7
0

N N N N N N N N N N N N N N N

N .1
5

N N N N N N N N N N N N N

C
u

-p
p

m
 

a
a

P
b

-p
p

m
 

a
a

Z
n
-p

p
m

 
a
a

1
0

5
5

4
0

2
0

3
0

1
5

1
3

0 3
0

1
5

5 5 5 5 5 5 5
1

0 <
5

25 10
15
0 5
30 45 40 45 20 20 50 25

5
25
5 N

10 10 15 15 10 10 15 15

1 
5

30 45 30 55 40
 

55
 

80
 

3C

W
-p

p
m

 
cm

4
5 1 
5 5

5C 8
0

4C 75 8
5 30 3
5

6
5

9
0

N N N N N N 1 N
' 

N N H N

5
0

2
0

2
5

1
5

2
0

 
-

1
5

2
0

1
5 1
5

1
3
0

4
0

3
7

0 7C 2
0

8
5

2
0

2
0

1
5

<
5

1
0

1
0

1
5

1
5

2
0 1
0

1
5 5

2
0

1
0

1G

3
5

4
5

8
0 in 2
5

6
5

6C
1
3
0 2C 5C 6C 4
0

4
5 5C 5C

2 N N N N

<
! 1 N N N SJ N N N N

P-
P-



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

G
B

LC
S

 
A

N
A

L
Y

S
E

S
--

c
o
n
ti
n
u
e
d

S
am

p 
le

1
2

9
1

 
1 

3
6
?

1
3

6
8

 
1 

3
6
3
A

 
1 

3
6
8
8

0
1

8
9

 
0

2
2
1
 

.1
2

2
5

 
12

28
A

 
1

2
3

1

1
2

3
1

 A
 

1
2
3
1
8
 

1
2
3
5

1
0
8
4

1
0

9
1

0
3

7
3

0
3
 7

4

1
3

(,
9

 
13

2(
1 

1 
32

1 
1

3
2

2
 

1
3
2
5

1
3
2
7

1 
33

1
1 

3
3
9

1 
3

4
1

1 
34

2

1 
34

3
1 

34
4

1 
3
4
5

1
3
4
6

1 
34

7

1
3
4
3

1
3

4
9

1
3
5
0

1
3

5
1

 
1

3
5

1
A

L
a

ti
tu

d
e

L
o
n
g
 i
tu

d
e

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

41 35 31 31 31 39 43 33 33 33 33 33 44 '3
3

33 46 48 56 51 51 52 52 53 50 47 46 46 47 45 47 47 49 45 49 45 48 48

47
0 55 55 55 2

14 16 22 26 26 2
6 31 10 30 32 14

5
52 59
2

55

4
4L 34 23 33 30 24 31 33 15 53 15 53 47 47

1
3
3

1 1 1 1 1

33 33 33 33 33
13

3
1
33

13
3

1 1 1 1 1 1 1 1

33 33 33 33 33 33 32 32

1
3
2

1 1 1 1 1 1 1 1 .1 1 1 1 1 1 1 1 1

32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32 32
13
2

1
32

3 2 2 2 2

22 29 33 33 33 33 33 3
9

59 57

3 7

38 35 37 35 39 39 39 35 36 31 3C 31 3C 27 31 25 26 25 22 22

15 0 58 53 58 26 27 25 25 23 28 23 42 20 56 30 50 50 43 28 47 23 30 38 25 21 12 47 46 57 24 15 51 27 41 17 17

F
e
-p

c
t.
 

M
g
-p

c
t.
 

C
a

-p
c
t.

 
T

i-
p
c
t.

s

3
.0

2
.0

7
.0

3
.0 .5

7
.0

5
.0

3
.0 .3

3
.0

2
.0

2
.0

1
.0

5
.0

5
.0

3
.0

1
0

.0

2
.0

3
.0

3
.0

3
.0

, 
' 

2
.0

3
.0

3
.0

2
.0

2
.0

1
.0

3
.0

3
.0

3
.0

3
.0

3
.0

3
.0

3
.0

3
.0

2
.0

3
.0

S

.7
0

.7
0

2
.0

0
.7

0
.3

0

.7
0

2
.0

0
.0

5
.0

2
.0

2

.0
2

.0
7

.0
5

.5
0

.7
0

2
.0

0
3
.0

0

.7
0

.7
0

.7
0

.7
0

.5
0

1
.0

0
.7

0
.7

0
.7

0
.2

0

1 
.C

O
.7

0
.7

0
.7

0
.7

0

1 
.0

0
.7

0
1 

.0
0

.3
0

.7
C

s 
s

1
.5

0
 

.2
C

O
2

.0
0

 
.1

5
0

2
.0

0
 

.2
0
C

1
.0

0
 

.1
5

0
1
.0

0
 

.0
2

0

P
e
te

rs
b
u
rg

2
.0

0
 

1
.0

0
0

.5
0

 
.2

0
0

<
.0

5
 

.1
0

0
.1

5
 

.1
0

0
<

«
0

5
 

.1
5

0

<
.C

5
 

.1
0

0
1

.0
0

 
.0

5
0

.2
0
 

.0
5

0

P
e

te
rs

b
u

rg

1
.0

0
 

.5
0

0
1
.5

0
 

,7
0

0

P
e
te

rs
b
u
rg

5
.0

0
 

.2
0

0
7
.0

0
 

1
.0

0
0

P
e
te

rs
b
u
rg

1
.5

0
 

.1
5

0
1
.5

0
 

.2
0

0
1
.0

0
 

.2
0
0

1
.5

C
 

.2
0

0
1

.0
0

 
.1

5
0

1
.5

0
 

.2
0
0

1
.0

0
 

.2
0

0
.7

0
 

.1
5

0
1

.0
0

 
.1

5
0

1
.0

0
 

.1
0

0

1
.5

0
 

.3
0

0
.7

0
 

.2
0

0
1
.5

C
 

.2
0

0
1
.0

0
 

.2
0

0
1

.5
0

 
.2

C
C

1
.5

0
 

.1
5

0
1
.0

C
 

.1
0

0
2
.0

0
 

.2
0

0
.7

0
 

.1
5

0
1
.0

C
 

.2
0

0

M
n

-p
p

m
s

5
0
0

7
0

0
7
0
0

7
0
0

1
0
0

C
5

1
x
0

0
0

5
0

0
5

0
0

1
5

0
2

0
0

2
0
0 7
0

1
0
0

C
6

1
x
0
0
0

7
0

0

D
1

1
x
0
0
0

1
x
5
0
0

02

2
0
C

2
0
0

5
0
0

2
0

0
1
5
0

5
0
0

7
0
0

2
0
0

1
5

0
5

0
0

5
0

0
3

0
0

5
0
0

5
0
0

5
0
0

7
0

0
1
5
0

7
0
0

3C
O

5
0

0

A
g

-p
p

m
s

N N N N N N
1 

.0 N N N N N N N N N
1 

.5 N N N N N N N N N N N N N N N N N N N N

A
S

-p
p
m

S

N N N N N N N N N N N N N N N N N ' N N N N N N N N N N N N N N N N N N N N

A
u

-p
p

ra
S

N N N N
. 

N N N N N N N N N N N N N N N N N N N N N N N
 

'

N N N N N N N N N N

B
-p

p
m

 
B

a
-p

p
m

S 
S

10
 

2
0
3

1
0
 

1
5

3
1C

 
3

0
0

<
1C

 
2
0
0

<
1

0
 

70

20
 

7
0

3
50

 
Ix

U
O

O
<

1C
 

N
1C

 
1
5
0

1
0

 
N

1C
 

<
2

0
10

 
. 

73
1C

 
5

0
0

<
1
0
 

3
0

3
<

1
0

 
  

2
0
0

<
1
0
 

>
5x

O
O

O
<

1
0

 
2

0
3

,

<
1

0
 

1
5
0

<
1

0
 

1x
O

O
C

<
1

0
 

50
C

<
1
0
 

2G
G

<1
C

 
7

0
0

<
1
0
 

7
0
3

10
 

7D
3

20
 

2
0

3
30

 
1

5
0

1
0

 
2C

O

<
1C

 
1

5
3

20
 

1
5
0

<
1
0
 

5
0

3
<

1
0

 
7
0
0

<
1

0
 

20
D

<
1C

 
20

C
<

1
0
 

3
0
3

<
1
0
 

5
0
0

<
1
0
 

1
5
0

<
1

0
 

3
0
3

B
e
-p

p
m

s

N N N N N 1 1 3 2 3 3 5 3 3 1 N 1 3 N N N N 1 N N N N N N N N N N N N N N

© c



P
t
T
E
K
S
a
U
R
C
 
S
T
U
D
*
 
A
R
E
A
 
P
E
U
O
C
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
1
n
u
e
d

S
a
m
p
 l
e

1
2
9
1
 

1
3
6
7
 

1
3
6
3
 

1
3
6
8
A
 

1 
3
6
8
8

01
 8
9

0
2
2
1

1
2
2
8

1
2
2
3
A

1
2
3
1

1 
2 
31
 A
 

1 
2
3
1
6
 

1
2
3
5

1
0
8
4

1
0
9
1

0
3
7
3

0
3
7
4

13
(J
9

1
3
2
0

1
3
2
1

1
3
2
2

1
3
2
5

1
3
2
7

1
3
3
1

1
3
3
9

1
3
4
1

1 
3
4
2

1
3
4
3

1
3
4
4

1
3
4
5

1 
3
4
6

1
3
4
7

1
3
4
8

1 
3
4
9

1
3
5
0

1
3
5
1
 

1
3
5
1
 A

B
i-
p
p
ra

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
d

-p
p

m
S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
o
-p

p
ra

S

10 <5 30 15 <5

 

20 50
N

<5
N N N N 5

15 15 70

5
15 10 1C 10 15 10

7 5 5

15 15 15 10 15 15
5

15
5

15

C 
r-

p
p
m

s

N
2

0
3
0
0

10
3 20 30

2
0
0 N N N N N N N N.

10
2

0
0 10 20 20 20 20 30 30 50 1C 20 30 70 3
0 30 50

2
0

0 20 30
N N

C 
u
-p

p
ra

s

10
7 5

20 <
5 70

2
0

0
<

5 <5
7

<
5 5 N 5

1 
5

70
3
0
0 5

70 50
1

/0
0

0 50 20 2
0 15 2
0 15 70 1
0 30 70 7G 7C 30 70 20 70

L
a

-p
p

m
 

M
o

-p
p

m
s 

s

N N N N N

P
e
te

rs
b
u
rg

 
C

5

50
N

20 2
0 20 20 2
0 20

P
e
te

rs
b
u
rg

 
C

6

20
N

P
e

te
rs

b
u

rg
 

01

70
N

P
e
te

rs
b
u
rg

 
02

1
5
0 N N N N N N N N N N N N N N N N N N N

N N N N N N 5 N N N N N N N N N 5 N N N N 5 N N N N
<5

5 N N N N

<5
N N N N

N
b
-p

p
m

s

N N N N N

3
0 N

70
<

2
0 70 30 50 N

30
N N N N N N N N N N N N N N N N N N N N N N N

N
i -

p
p

m
s

5
10

1
0
0 30
5

2
0

1
0

0 <
5 5

<
5 <
5

<
5

<5 <
5

<5

5
1
0
0

' 10 3
0 1
0 1
0 50 15 1
0 1
5

1
5 5

1C 5C 10 1
0 50 50 1C 10 .5 15

P
b

-p
p

m
s

N N N N N

2
0

15
<

1
0 10 15 15 10

<1
 0

<1
 0

<1
 0 30 15

<
10

N N
' 

N N

<
1

0 N N N N N N
<

1
0

<1
 0 N N N N N N

S
b

-p
p

m
S

N N N N N N N N N N N N
 

.
N N  N N N

.

N N N N N N N N N N N N N N N N N N N N

S
c
-p

p
m

s

5 5
13

7 N

23 15
N N 5 N N N 7

10 15 53 <5
5 5 N 5 7 5 5 7 5 7 7 7 7 7 7 N 7 5 7

S
n

-p
p

m
s

N N N N N N N N N
<1

D N N N N N N N N N N N N N N N N N N N N N N M N N N N



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
AR

EA
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
  
 c
on
t 
in

ue
d

S
a
m
p
l
e

1
3
9
1
 

1
3
6
7
 

1 
3

6
3

 
1

3
6

8
A

 
1

3
6

3
B

0
1
8
9

0
2

2
1

1
2

2
8

1
2

2
3

A
1

2
3

1

1
2
3
1
A

 
1

2
3

1
B

 
1
2
3
5

1
0
8
4

1
0

9
1

0
3
7
3

0
3

7
4

1
3
C

9
 

1 
3
2
0

1
3

2
1

13
22

13
25

1
3
2
7

1
3

3
1

1
3

3
9

1
3
4
1

1
3
4
2

1
3
4
3

1
3
4
4

1
3
4
5

1
3
4
6

1 
3

4
7

1 
3

4
3

 
1
3
4
9
 

1
3

5
C

 
1
3
5
1
 

1
3

5
1

A

S
r-

p
p
m

s 3C
C

 
3

0
0

 
1
0
U

 
1

0
0

 N

70
0

20
0 N N N N

10
G

 N

1
0
0

1
0
0

1
/5

0
0

 
2

/Q
O

C

1C
O

 
1

0
0

 
1C

O
 

1
0
0
 

1
0

0

5
0

0
1
0
0

1
0
0

1
0
0

1
0
0 N

1
0

C
 

2
0
0
 

1C
O

1
0
0

1
0

0
 

IC
O

 
3U

C
 

3
0
0
 

1
0
0

V
-p

p
m

s

1
0

0 70
15

C
10

0 1
0

50
0

20
0 N N N N N N 20
 

20
C

1
0
0

5
0
0 20

 
70

1C
C

 
7

0
20

0

1
0

0
 

1
0

0
 

1
5
0
 

1
0

0
 

1C
O

1
5
0 50

1
0

0
1

5
0

1
5

0 70
 

3C
 

7C
 

1
5
 

7
0

W
-p

p
m

s

N N N N N 
'

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y
-p

p
m

S <
1
0 N

<
1

0 N N

50 2
0 7
0

2
0

, 
70

, 
50

1
0
0 2
0 50 3
0 50 50 2
0 N

<
1
0 N

<
1
0

<
1

0
<

1
0 N

1
0

1
0 10

<
1

0
<

1
0 N

<1
C

<
1

0 N
<

1C 3
0

<
1
0

Zn
-p

pm
 

s

N N
2C

O N N

Z
r
-
p
p
m
 

s

70
 

70
 

20
 

20
 N

Pe
te

rs
bu

rg
 
C5

N
2C

O N N N N N N

5C
O

10
0

70
0

15
0

70
0

50
0

50
0

10
0

Pe
te
rs
bu
rg
 
C6

70
0

20
0

P
e
te

rs
b

u
rg

 
01

10 20
0

Pe
te
rs
bu
rg
 
02

N
20
0 N N

30
0

<
2
C
O N

<
2
C
O

<
2
0
0

<2
00

N N N N N N N N N N

1
0
0 70 70

15
0 70

15
0 70 70 50 50 70 70 15

10
0 7C 30 70 70

20
0

10
0

Th
-p
pm

A
u
-
p
p
m
 

aa

N N N N N N N N N N

<.
05

 
N N

C
u

-p
p

m
a
a

8
0 1
5

<
5

4
0

<
5

4
0

1
5

0
<

5
<

5
<

s

<
5

. 
<

5
<

5

<
5

1
0

1
2
0

1
8

0 1
5

6
0

6
5

8
7
0

7
5

2
0 2
0

3
5

4
5 3
5

8
0

3
0

2
0 9
0

4
5 8
0

3
5

8
5

4
0

1
2
0

P
b

-p
p

m
 

Z
n

-p
p

ro
a

a

1
0

1
5 1
5

1
0 5

1
0

1
0

1
0 5

2
0

1
5

1
0
 

.
5

1
0

1
5 5 5

1
0

1
5

2
0

1
5 1C in 1
5

1
0

1
5

1
5

1
5

1
5

1
5 1
5

1
5 5 5

<
5

<
5

10

aa

65 6
1

1
7
0 6
5 1C 8
5

1 
1J

13
C 2C

'

7
5

1 
1P

-
2
5

1
0

8
5

7
0 5 5

1C
22

C
11

 5
1

4
f

6
6
0 5C 55 5
5

1
8
C

13
C 1 

5
5
5

5
f

1
2
0 7
5

3C 4C 1
0

4
5

<
5

W
-p

p
m

cm

N N N N N

<
1 N 1 1 3 3

<1
1

<1 <1

N N N r; N N N N N N N N N N N N N N N
<1

1 N

C
 

C
 

C G a o

P-
IS



 *f vaX i

E
Q. «- Z Z Z Z Z .- Z ZZZZZ Z Z «- Z 2 <\l Z  - r- Z Zr-ZZZ ZZZHZ OJ Z Z Z Z «a ^
i i/»  
a- . I
31 tt.

c~> r~t n n o tT cr ri O Cj o o c >    :i f3 o n n O i j ̂ -» o C3 c.. ri o n o o rt (_3 c~> . » r-> cs cj ca o
6 oor> oir»cjoo o tr> o «^> o cjocjoo ooooo o ci o o o o c: i j o rj -3r\ic;j3o
fl tAcou> rvj ,  i-\i u> »/> (O T  ru »  r\» rOtOf^-rara r\j»/>f^.f^f». f^-f^.u>j^u> tAfMrOf^-f^. CD <s\ *f\ r**

6 CJ O O f> O O O Q O O O O O CJ CJ O O O O C_3 CJ O O OOOOO O O O _> CJ OZOOCJ 

O. W» V V V V VVVVVVVVVVVVVVVVVV V VV
I

00 

E
a z z z zzzzz zzzzz zzzzz zzzzz zzzzz zzzzz zzzzz
a

6 ZZZ ZZZZZ ZZZZZ ZZZZZ ZZZZZ ZZZZZ ZZZZZ Z Z Z Z
a 
a

c a. zzz zzzzz zzzzz zzzzz zzzzz zzzzz zzzzz zz
o a

6 OOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO
Q. C3 ir» O OOOOO OOOOO O O O O «*> O&OOO COOU^O OOOUO OOOvnO
Q. <M *  r«~ rvir-fNjfs.^. r*> i*» rvi u> N. ^-<MO»A«- u>rs.rvj»/>i/^ r\j LO KI r- f~- »/>»/>rs.i/^ir\ f^-ofvir-rsi
« Ml ^ ^
C «- to
E M

	a
	3)

  ooo i- ooooo ooooa oaooo ooooo ooooo ooooo ooooo
** OOO 3 IO
«j fMiOfO Jl «-
Cll/t  »  (A »
I «.

«  K> <M <\l O<\Jt T-<M *  <\l »  »  «  IOr-<M«VirM 10 »~ »  r- r- ^^^

^

  ooo ooooo ooooo ooooo ooooo ooooa ooooo o cj o o o
  » OfMO »/>t/^ou"vo »/\c3rs.u>ir» inoo^o r«.ir\»/\o»A Ot/^t/>oo ooooo ooor^^
U     t tl*»*                   > . . .  !    t t t . .       t .

Q. (/» t  «M *  «~ «M    r  r-r  »  r-«M »  r-r-r-r- T~    r  r- <M <M <M r- »  «  i\*O*~
  - r- 
<V 

<_»

  OOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO OOOOO

  OOO OOOOO OOOOO OOOOO tf^OOOO OOOOO OOOOO OOOOO

3 wn (Nj 

 *" QO r^ *\J

C
O <\jrvj«vi

Q.
6 (MK>«o



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L 

Y
S

E
S

  
 c

o
n
t 

in
u

e
d

Sa
m

p 
le

13
52

13
53

1 
3
9
8

1
2
4
4
 

1
2

6
9

 
1
2
7
U

1
2
7
1

1
2
7
2

1
2
7
3

1
2
7
4

1
2
7
5

1
2
9
0

1
2
9
2

1
2
9
3

1
2
9
5

1 
29
7

1
2
9
9

1
3
0
5

1
3

C
5

A
 

1
3
G

6
 

1
3
0
7
 

1
3
1
8

1
3
1
0

1
3

1
1

1
3
1
2

1
3
1
3

1
3
1
4

1
3
1
6

1
3
1
7
 

1
3
1
 *

1
3
2
3

13
24

1
3

2
6

1 
32

8 
1 

32
9 

13
29

A
 

13
 3

0 
13

32

B
i-
p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
d

-p
p

m
S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
o

-p
p

m
s

5 7
1
0 5 5 5

10 1
5

1
0 5 5

10 15 1
0 10 1
5

1
5

1
0 N

1
0 5 5

1
0 5

1
0 7 5

1
0 15 1
0

1
0

15 1
0 15
N

10
5 5

C 
r-

p
p

m
s

N
2

0 20

N N N
1
0 70 3
0

1
0 7
0 N N

1
0 3
0

7
0

1
0
0 2
0 N

10
N N

10 1
0

2
0

1
0 1
0 30

N
10 2
0

2
0

20 10
N

1
0 N N

C
u
-p

p
m

s

1
0

5
0

7
0

1
0

3
0
0 1
0 5
0

2
0

3
0

1
5 7 7

7
0

3
0 5
0

7
0 50

1
5
0 7

2
0 7 5

2
0

1
5

1
5 5

3
0

2
0

7
0 7
0

5
0

5C 5
0 7

1
0 50 1
0 70

L
a

-p
p

m
s

N N
50

P
e
te

rs
b
u
rg

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

30
N N N N

M
o
-p

p
m

s

N 5 7

0
3

N N N N N N N N N N N N N N 5 N N N N N N N N N N N N N
<

5
<

5 N N
<

5 N N

N
b

-p
p

m
s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

N
i 
-p

p
m

s

5
3

0
3

0 5 5 5
1

0
1

5

1
5

1
0

1
0 5

1
5

1
5 20 5
0

7
0

2
0

<
5 5 5 5

1
0

1
0 5 5 5

20

5
1
0 1
5

3
0

2
0 5 5

1
5 5 5

P
b
-p

p
m

s

N N
<

10 <1
 0 N N

<1
 0

<1
 0

<1
 0

<
1

0 N N N N N
10

N N

1
0

<1
 0

<1
 0

  
1

0 N

<
1

0
<1

 0
<1

 0 N N

<
1
0 N N N N

<
1
0

<1
 0

<
1

0
1
5

<1
 0

S
b
-p

p
ro

s

N N N N N N N N N N N N
 

.
N N N N N N N N N N N

.

N N N N N N N N N N N N N N N

S
c
-p

p
m

S

<5
5

1D <5
N 5 7

1
3 7

<5 <5
5 7 7

<5
7 7 7 N 5

<5 <
5

<
5 5 7 5 N 5 7 5 5 7 7 7 7 5 N N

S
n

-p
p

m
S

N N N N N N N N N N N N N N
.

N N Kl N n N N N N N N N N N N N N N N N N N N N

c  



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S
 c

o
n
ti
n
u
e
d

S
a

m
p

le

1
3
5
2

1
3

5
3

1
3
9
5

1 
2
4
4

1
2

6
9

1
2
7
0

1
2

7
1

1
2

7
2

1
2

7
3

1
2
7
4

1
2
7
5

1
2

9
0

1
2
9
2

1
2
9
3

1
2

9
5

1
2
9
7

1
2
9
9

1
3
0
5
 

.

1
3
 0

 5
 A

 
1

3
(j
6

 
1
3
0
7
 

1 
3

0
8

1
3
1
0

1
3
1
1

1
3
1
2
 

1
3
1
 3

 
1

3
U

 
T

3
1

6

1
3
1
7

1 
3
1
8

1
3
2
3

1
3
2
4

1
3

2
6

1
3

2
8

1
3

2
9

 
1 

3
2

9
A

 
1 

3
3

0
 

1
3
3
2

S
r-

p
p

m
s 3G

O N

3
0

0

10
C

 N
1
0
0
 

5
0
0
 

7
0
0

30
0 

20
0 

10
0 

30
C

 
70

0

3
0

0
 

1
0

0
 

7
0
0
 

1
0

0
 N

3
0

0
30

0
3

0
0

30
0

2
0

0

2
0

0
 

30
0 

30
0 

20
0 

2C
O

1
0
0
 N

1G
C

 
2

0
0

 
1

5
0

50
0

30
0

1
0

0
1

0
0

1
0

0

V
-p

p
m

s

3
0
 

1C
O

 
1

5
0 50 30

1
0

0
1
5
0

1
5
0

1
5

0
 

7
0

1C
O

 
7

0
20

0

1
0

0 30
1

5
0 7
0

1
5
0 N

1
0
0
 

30
 

30
 

50

1
5
0

If
.O 50 70

1
5

0
 

70
 

50
1C

O
1
0
0

1
0

0 20
1

0
0 3
0 20

W
-p

p
m

s

N N N N N N N N N N N N N N N N N
. 

N N N N N N N N N N N N N N N N N N N N N

Y
-p

p
m

s <1
0 10 50 N N N

1
0

<
1

0 10
<1

 0 N N
<1

 0

<1
 0 N

1
0

1
0

1
0 N

<1
 0 N N N N

1
0 N N

<
1
0 1
0

<
1
0

<1
 0 10 10 1
0 30 3
0 N N

2 
n
-p

p
m

s

N
<

2
0

0
2C

O

Z
r-

p
p

m
s

1
5

0
7

0
2
0
0

T
h
-p

p
m

s

N N N

A
u
-p

p
m

a
a N N N

P
e
te

rs
b
u
rg

 
03

N N N
<

2
0
0 N N N N N N N N N

<
2

0
0 N N N

> 
N N N N

  
N N N N N N N

<
2C

C N

. 
N N N N N

1
0

0 30 70 7
0 70

1
0
0 70 7
0 2C 7
0

7
0 50

1
0

0 7
0 50 1
0 30 7
0

70 7
0 50

, 
1
0
0 50 70 7
0

1C
O 30 70 7
0

1
0

0

1
0
0 1
0 50

1
0
0 7
0

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
  

N

N .1
5

N N N N N N N N hi N N N
 

 
N N N N N N N N N N

"

N N N N
  

N N N N N N N

C
u
-p

p
m

 
a

a

25 65 45

P
b
-p

p
m

 
aa

<
5 5 

1C

Z
n
-p

p
m

 
a

d

9
5
 

26
C

 
2
1
1

U
- 

p
p
m

 

cm

2
0

4
0

1
5

4
5

2
5 3
5

2
0 15 1
5

3
5

2
0

2
5

4
0

4
0

2
9
5 2
0

4
5 1
5

10 2
5 2
0 30 55 3
0 30 8
0

1
5
0 7
0

8
0

4
5 1
5 2
5 55 1
0 55

25
5 5

1C 1
0

1C 1C 1
0 5

1
0 1C 1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

1
0

. 
1

0
.1

C
1

0 1
5 10 1
0 1
5

1
5 10 4
5 1 
5

1C 1C

30 3C 4
5

6
0

4C 6C 7C 50 30 6C 5f
.

4
5

4
0

9C 4C 1( 35 3C 60 6C

1
3

5 7C 50 30 30 55 4C 65
1

8
0 9
0 35

IK 1
0

5 3
0

25

N
<

1

<
1 N

<
1

<
1 N 1 N N N

<
1 N N N N N N H N 1 r^ N N fj

<
j N N N N N N N N 5



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
V
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
 Y
S
E
S
"
 c
on
t 

i n
u
e
d

1
1
6
2

1
1
6
3

1
1
6
4

1
1
6
6

1
2
3
0

12
21

1
2
2
2

1
2
2
4

1
2
2
5
 

1
2
2
5
A

1
2
2
6

1
2
2
7

1
2
3
9

1
2
4
1

1
2
4
2

1
2
4
3

1
2
4
6

1
2
4
7

1
2
4
9

1
2
5
0

1
2
5
1

1
2
5
2

1
2
5
3

1
2
5
4

1
2
5
6

1
2
5
3

1
2
5
9

1
2
6
0

1
2
6
1

1
2
6
3

1
2
6
3
A
 

1
2
6
7
 

1
2
6
3
 

1
3
6
6

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

59 59 59 54 59 53 51 51 48 58 58 53 55 53 54 54 49 4
9 4
9

48 47 51 51 50 50 45 45 45 47 46 55 55 55 55 56 55 57 56 58 58 59 59 4
9

2 2 2
29 33 22 10 53 54

1 7
53 22 59

8
21
7 0 0

36 13 27 16 27 21 24
2 4 7 9

42 30 35 35

5
44
3

4C 32 32 31 10 45

1
3
2

1
3
2

13
2

1
3
2

13
2

1
3
2

1
3
2

1
3
2

1
3
2

1
3
3

13
3

1 
33

1
3
3

13
3

13
3

1
3
3

13
3

13
3

13
3

13
3

13
3

13
3

1
3
3

13
3

1 
33

13
3

1
3
3

1
3
3

13
3

13
3

13
3

13
3

13
3

1
3
3

1
3
3

13
3

1
3
3

13
3

13
3

1.
33

13
3

13
3

13
3

52 52 52 46 50 47 42 47 42 17 18 18 16 19 19 19 16 15 15 15
6 9 6 3 1 0 0 I 10
'

12 14 12 14
8 5

1C
1 0 4 4

13
4 1

3 8 3
4C 58 51 10 44 25 24 58 0 4
21 27 14 34 40 40 23 49 24 35 40 42 27 24 39 50 30 13 40
5

25

3
12 55 30 12 12 0 20
7

F 
e
-p

c
 t

 .
 

M
g-

pc
 t

 .
s

3
.0

2
.0

3
.0

3
.0

3
.0

2
.0

3
.0

3
.0

3
.0

3
.0

3
.0

3
.0

5
.0

3
.0

3
.0

5
.0

3
.0

3
.0

3
.0

5
.0

3
.0

3
.0

3
.0

3
.0

2
.0

3
.0

3
.0

3
.C

3
.0

3
.0

3
.0

5
.0

3
.0

3
.0

1 
.0

3
.0

3
.0

3
.0

3
.0

3
.0

5
.0

3
.0

3
.0

s

.7
0

.5
0

.7
0

.7
0

.7
0

.3
0

1 
.0

0
.7

0
.7

0

.7
0

.7
0

2
.0

0
3
.0

0
1
.0

0

1
.0

0
2
. 

CO .7
0

.7
0

.7
0

2
.0

0
1 

.0
0

1 
.0

0
.7

0
.7

0

.5
0

.7
0

.7
0

1
.5

0
.7

0

.7
0

1
.C

C
1
.0

0
.7

0
.7

0

.3
0

.7
0

1
.0

0
.7

0
1
.0

0

2
.0

0
2
.0

0
5
.0

0
.7

0

 p
et

 .
s 1.
50

1.
0C

1.
00

1.
00

1.
00

1.
00

1.
00

1.
00 .7
0

1.
0C

3.
0C

2.
 G
O

3.
00

1.
50

1 
.5

0
2.

00 .7
0

2.
00

1.
50

3.
00

1.
50

1.
CO

1.
50

1.
50

1.
5C

1.
CO

2.
00

2.
00

1.
50 .7
0

1 
.5

C
1.
CO

1.
00

1.
50 .7
0

1 
.0
0

1.
50

1 
.0
0

1.
5C
-

1 
.5
0

3.
00

1.
00

1.
50

Ti
-p

ct
.

s .1
50

,1
50

.2
00

.1
50

.1
50

.1
50

.2
00

.1
50

.1
50

Pe
te

rs
bu

rg

.3
00

.2
00

.2
00

.2
00

.2
00

.2
00

.5
00

.2
CO

.3
00

.2
00

.3
00

.2
00

.2
00

.2
00

.2
00

.1
50

.2
00

.2
00

.2
00

.1
50

.2
00

.2
PO

.2
00

.1
50

.1
50

.0
50

.1
50

.1
50

.1
50

.2
00

.2
00

,5
0C

.1
50

.3
00

Mn
-p

pm
s

1/
00

0
50
0

50
0

50
0

50
0

20
0

50
0

50
0

70
0

04

5P
O

7C
O

70
0

70
0

70
0

70
0

1/
00
0

50
0

20
0

70
0

70
0

70
0

70
0

70
0

50
0

70
0

7C
O

1/
00
0

70
0

70
0

70
0

70
0

70
0

70
0

70
0

30
0

SC
O

70
0

50
0

70
0

7C
O

70
0

50
0

70
0

Ag
-p

pm
s

N N N N N N N N N N N N N
. 

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

A
s
-
p
p
m

S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Au
-p
pm

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
. 

N N N N N N N N N N N N N

B
-
p
p
m

S

30
<1
0 10 1C

<1
0

<1
0 30

<1
C 10 10

<1
0

0
0

<1
C

<1
0

<1
0 10 10

O
G

<1
0

<1
0 10 30

<1
0

0
3

<1
0

<1
0

0
0

0
0

0
0 20

. 
10 20 <1
0

0
0

0
0

<1
C

<1
C 1C 10 0
0

<1
C

0
0

O
D

Ba
-p
pm

s

73
3

70
3

7
0
0

SC
O

SO
D

30
C

20
3

15
0

2
0
0

20
0

20
3

2
3
0

2:
3

15
3-

30
3

2C
O

2C
D

20
3

30
3

2
0
3

20
3

50
3

3Q
3

33
3

15
3

2
D
j

30
3

15
3

13
3

2
C
3

20
0

2
C
3

2C
3

1
5
3

10
0

2C
3

2
0
3

15
3

30
3

30
Q

23
3

1 
53

30
3

B
e
-
p
p
m

s

1 N 1 N N N N N N N N N N N N N N N N 1 N N 1 N N tj N N N N N N N N N N N N 1 N 1 N 1

1
5
0



P
E
T
E
R
S
B
U
R
G
 
ST
UD
Y 

AR
EA

 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

1
3
3
3
 

1
3
3
3
A

1
3
3
3
B

1
3
3
4

1
3
3
5

1
3
3
6

1
3
3
7

1
3
3
8

1
3
4
0

1
1
6
2

1
1
6
3

1 
16

4
1 
16

6
1
2
2
0

1 
22

1
1
2
2
2

1
2
2
4

1
2
2
5
 

1 
22

5A

1
2
2
6

1
2
2
7

1 
23

9
1
2
4
1

12
42

1
2
4
3

1
2
4
6

1
2
4
7

1
2
4
9

1
2
5
0

1
2
5
1

1
2
5
2

1
2
5
3

12
54

1
2
5
6

1
2
5
8

1 
2
5
9

1 
26

0
1 
26

1
1
2
6
3

1
2
6
3
A
 

1
2
6
7
 

1 
26

8 
1 
36

6

B
i-
p
p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
d
-p

p
rn

 
C

o
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N 0 N N N N N N N N  N N N N N N N

S

10
5

15
7 5 5

10
5

10 15
7

15 15 15 10 15
7

10 10 15 10 15 10 10

5 5 5
15

N

1
C 15 15
5

10

5 5
10

5
15 15

' 
2P 30 15

C 
r-

p
p

m
s

10
N

50 15 10

N
30 30 3
0 70 20

1
0

0
1
5
0

1 
20 10

1
0

0 70 50 10 20 10 50 20 20

N
10 10 10 10 10 20 50

N N

20 30 30 30 30 50 70
1

/0
0

0 50

' C
u

-p
p

m

s

10 20 70 20 <5 <5 70 10 20 70 15 50 10 20 10 50 20 70 70 70 15 50 20 20 <5 20 15
1
0
0 10 15 15 50
7

20

5
10 15

5
50 70

1
0
0 20 70

L
a

-p
p

m
 

M
o
-p

p
m

s 
s

N N N N N N N N N

P
e
te

rs
b
u
rg

 
DA

N N N N N N N N N N

2
0 N N N N N

2
0 N N N N N N N N N N N N N N N N N

<5
N N N N N N N

' 
N N

<5
N N N N N N

2
0 N N N N N N N N N N N N N N N N N N N N N N N N 7

N
b
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
 

-

N N N N N N N N N N N

N
i 
-p

p
m

s

5 5
50 1
0 5 5

2
0 7

3
0

3
0

2
0

1
0 50 10

7
30

  
2

0 30
5

10 10 2
0

15 10

5 5 5
15

5

10 1
5 15
5 7 5

10
5

15 20 20 50
3

0
0 30

P
b
-p

p
m

s

N
<

1
0

<
10

N N

<
1

0 N
<

1
0 N N N N

<
1

0 N N N N N

' 
N

<
1
0

<
1

0
<

1
0

<
1

0
<

1
0 N

<
10

 
.

<
1

0
<

1
0

<
1
0

<
1
0 N

<
1
0

<
10

N N N N N
<

1
0

<
1
0

<
10

N
<

1
0

S
b

-p
p

m
s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

S
c
-p

p
u

S

5 5 7 5 5 N 7 5 5 5
<5 15 15

5 5
15   5

7 5 7 7 7 7 5

<5
5 5 7 7 5

10
7

<5
7

<5
5 5

<5
7

10 15 <5
7

S
n
-p

p
m

s

N N N N N N N N N N N N N N N fj N N N N N N N N N N N N N N N N N N N N N N N N N N N

/
S
I

p-
xo



P
E
T
E
R
S
6
U
K
G
*
S
r
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

1
3
3
3

1
3
3
3
A

1
3
3
3
8

1
3
3
4

1
3
3
5

1
3
3
6

1
3
3
7

1
3
3
3

1
3
4
0

1
1
6
2

1
1
6
3

1
1
6
4

1
1
6
6

1
2
2
0

12
21

1
2
2
2

1
2
2
4

1
2
2
5
 

1 
2 
2 

5 
A

1
2
2
6

1
2
2
7

1
2
3
9

1
2
4
1

1
2
4
2

1
2
4
3

1
2
4
6

1
2
4
7

1
2
4
9

1
2
5
0

1
2
6
3
A

1
2
6
7

1
2
6
8

1
3
6
6

S 
r
-
p
p
m
 

s 2
0
0

2
0
0

2
0
0

1
0
0

2
0
0

2C
O 

2
0
0
 

3
0
0
 

2
0
0

1
0
0

7
0
0

5
0
0
 

3C
O 

SC
O

50
0 

2
C
O
 

1
G
U
 

1
0
0
 

5
0
0

7
0
0
 

3
0
0
 

20
0 

3C
U 

2
C
O

50
0 

30
0 

2
0
0
 

3
C
O
 

SC
O

1
0
0

30
0 

20
0 

50
0 

70
C

1
0
C
 

2
G
G
 

30
0 

1
0
0
 

2
0
0

7
0

0
7

0
0 N

30
0

V
-p

p
m

 
s

1
0

0 50
3

0
0

1
0

0 50 30
15

0
1
0
0

1
0
0

1
5
0

10
0

1
5
0

1
5

0
1
0
0

10
0 

20
0 70
 

20
0 

1C
O

1
5

0
1
5
0

1
5
0

1
5

0
1

0
0 50

 
1
0
0
 

10
C

 
15

.0
 

1
0
0 7
0

 
1

5
0

 
IC

O 7
0

 
1
0
0 2C

 
70

 
70

 
50

 
1

5
0

15
C

20
0 70

1
5
0

W
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y
-p

p
m

S

N
<

1
0

2
0 N N N

<
1
0 N

0
0 1
0

1
0

<
1

0
<

1
0

<
1
0

<
1

0 2
0 N

1
0 10 2
3

<
1

0 10
<

1
0

<
1

0 N
10

N
<

1
0 N

<
1
0

<
1

0
<

1
0 N

10

N N N N
1

0

1
0 10
N

1
0

Z
n

-p
p

m
S 

* N N

2C
O N N N N

2
0
0

<
2
0
0

Z
r-

p
p

m
S

7C 7
0

1
5
0
 

.
30 50 50 7
0

5
0

7
0

T
h

-p
p

m
S

N N N N N N N N N

A
u
-p

p
m

aa

N N N N N N N N N

P
e
te

rs
b
u
rg

 
04

N N N N N N N N N N N N N N N N N N N N N N
<

2
C

O N N N N N N N N
2C

G N N

1
0
0

1
5

0 N
7
0 50 50

1
0

0
1

0
0

7
0

1
5
0

1
5

0 70
1

0
0

1
0
0 70 7
0

7
0

7
0 30 30

1
0

0 50 7
0 5
0

7
0

2
0

70 3
0 70

1
0
0

7
0 50
N

1
0
0

N N N N N
.

N N N N N N N N N N N N N N N N N N N N N N N
. 

N N N N N N

N
<

.0
5

N N N N N N
 

.

N N N N N N N _
_

N a N N N N
  

N N N N N N N N N N N N

C
u
-p

p
m

a
a

1
5

6
0

1
1

0 3
0

1
0

<
5

7
5

1
0

2
5

7
0

3
0

7
0

1
5

3
0

2
0

2
5 2
0

1
1

0
1
2
0 8
0

3
0

7
0

2
5

3
0

55 3
0

1
3
0

2
0 3
0

3
0

4
5 1
0

4
0

1
0

2
0

2
5 2
0 50 35

'1
6
0 3
5

8
0

P
b

-p
p

m
a

a

1
0 5

1
5

1
0

1
0

1
0

2
0

1
5 1
5 5

1
0 5 5 5

<
5 5 5

1
0 5

1
0

1
0

1
5

1
0 5 5

.1
0 1
5 5

1C
5

1
0 5 5 5 5 5 5

1
0

1
0 5 

 
1

5
  

1
0

Z
n
-p

p
n

a
a

4
(j

7
0

15
C 4
0

3
0

2
5 3C 1
5

5
0

2
5 55 4
5

4
5 5
5

1 
5

2
5

4
5

3
5

3
5

5
0 5
5

6
5

5
5

6
5

5
f

4
0

4
5

2
5

6C 35 7
5 3G 1
5 1C 5b 35 3
5

8
5

7
0

7D 2
5 4
5

W
-p

pm
cm

N
<

1 N N N N N N N N 'J N
<

1 N

<
1 N

. 
<

1 1
<

1 N N N N N N M 1 N N N
<

1 N N N N N N M 5 N N N



o
P
E
T
E
R
S
B
U
R
G
 
ST

UD
Y 

AR
EA

 
P
E
B
B
L
b
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

Sa
mp

 I 
e

La
ti
 t
ud

e
Lo

ng
i 
tu
de

Fe
-p

ct
. 

s
 p
c 

t 
s

Ca
-p

ct
. 

s
T
i
-
p
c
t
.
 

s
M
n
-
p
p
m
 

s
A
g
-
p
p
m
 

s
A
s
-
p
p
m
 

s
A
u
-
p
p
m
 

s
B
-
p
p
m
 

s
B
a
-
p
p
m
 

s
o
e
-
p
p
m
 

s

o o o c* o o o 0 o 5

0
2
2
0

11
 5
9

11
85

11
87

11
 3
9

1 
19
0

11
91

1
1
9
2

12
07

1
2
0
9

1
2
1
0

12
11

12
1 

2
1
2
1
3

12
1 

5

1
2
1
6

1
2
1
7

1
2
1
8

1
2
1
9

1
2
2
3

1
2
2
3
A

1
2
7
3

56 56 56 56 56 56 56 56 ' 5
6 56 56 56 56 56 56 56 56 56 56 56 56 56

45 59 49 49 46 48 46 47 58 56 58 56 58 55 54 57 56 56 55 53 53 50

36 55
7 0 54

1
45 52 42 50 18 50 22 40 25 55 40 22
6 3 3

50

1 1 1 1 1 1 1 1 1

33 33 33 33 33 33 33 33 33
13
3

1 1 1 1 1 1 1 1 1 1 1 1

33 33 33 33 33 33 33 33 33 33 33 33

26 20 39 39 31 35 31 35 33 37 33 37 33 35 33 39 39 37 39 2C 20 30

9 53
5

15 0 40 0 55 43 15 38 6 33 33 45 38 33 45 33 35 35 22

P
e
t
e
r
s
b
u
r
g
 
05

.5
3.

0
3.
0

3.
0

3.
0

3.
0

3.
0

5.
0

5.
0

1.
0

5.
0

5.
0

2.
0

3.
0

2.
0

3.
0

5.
0

2.
0

2.
0

3.
0

5.
0

5.
0

.1
0

.7
0

.5
0

.5
0

1 
.0
0

1.
00 .7
0

.7
0

1 
.0

0
.3

0

.7
0

3.
00 .7
0

2.
00 .5
0

1.
00

1 
.0
0

.1
0

.2
0

.7
0

2
.
0
0

2
.
0
0

.2
0

2.
00 .7
0

.1
0

1.
00

1.
50

2.
00

1.
00

2.
00

2.
00

1.
50

3.
00

1.
00

2.
00

1.
50

2.
00

1 
.5
0

.0
5

.1
0

1 
.0
0

3.
00

2.
00

.0
70

.1
50

.1
50

.1
50

.2
00

.5
00

.1
50

.3
00

. 
.5

00
.0
30

.7
00

.5
00

.2
00

.3
00

.2
00

.2
00

.3
00

.1
50

.1
50

,2
00

.5
00

.7
00

20
C

70
0

SC
O

50
0

7C
C

70
0

1
/
C
O
C

50
0

70
0

50
0

70
0

70
0

30
0

1/
00
0

70
0

70
G

70
0

20
0

15
0

70
0

70
0

70
0

N N N N N N N N N N N N N N N N N N N N N N

P
e
t
e
r
s
b
u
r
g
 
06

<..
$ O o o o o o

11
 3

0
1

1
3

1
1

1
3

1
A

1
1

3
2

1
1
3
3

1
1
3
4

1
1
3
6

1 
1

3
7

1
1
3
7
A

11
 3

9

1
1
4
0

1
1

4
1

1
1

4
1

 A
1
1
4
3

1
1

4
4

56 56 56 56 56 56 56 56 56 56 56 56 56 56 56

56
 

17
56

 
15

56
 

12
54

 
0

55
 

2
3

56
 

53
56

 
55

53
 

10
58

 
10

53
 

5

59
 

25
57

 
15

57
 

15
58

 
27

53
 

56

1
3

3
1 

33
1

3
3

1
3
3

1
3

3

1
3
3

1
3
3

1 
33

1 
33

1
3

3

1
3

3
1 

33
1

3
3

1
3
3

1
3

3

52 51 51 43 41 44 44 43 43 43 57 46 46 55 4
8

2
55 55 30 45 30 1b 45 45 33 52

5 5
50 49

3 2 3 1 3 1 3
. 

3 3 1 3 3 3 3
10

.0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0 .0

.0
2

.5
0

.0
5

2
.0

0
.7

0

.0
7

.7
0
 

'
1

.0
0

. ?
c

.0
5

.7
0

.7
0

.0
2

.7
0

2
.0

0

<
.O

S
.5

0
.0

5
1

0
. 

O
f;

.7
0

<
.0

5
1

.5
0

2
.0

0
1

.5
0

<
.C

5

2
.C

C
.1

C
.1

0
1

.5
C

3
.0

0

y-
c:

<
.0

0
2

.0
5

0
.0

0
2

.0
2

0
.1

5
0

.0
5

C
,,
1
5
0

.2
0
0

.2
0
0

.0
3

0

.1
0
0

.0
5
C

<
.0

0
2

.2
0

0
1
,0

0
0

?

50
0

7
0

0
1
5
0

5
0
0

70
0 20

7C
C

1
/5

0
0

70
0

10
0

2/
C

C
O

SC
O

5/
C

C
O

1
/5

0
0

1
/5

0
0

N N N N N N N N N N

2
.0 N N N N

N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N

<1
C

<1
 0 10 30 10 30

<1
 0 10

<1
C

<1
0 1G

<1
 D

<1
0 10 1C

<1
C 11

<1
C 10 1C

*1
0

<1
 C

53
i0

3
2C
D

30
0

70
3

70
0

*o
:

53
3

50
0

20
0

50
0 23

31
3

20
3

5L
G

15
0

5L
3

5C
3

1 
50

70
3

15
3

20
3

N 1 N 1 1 1 N N N N N N N N 1 N N 1 N 1 N N

N N N N N N N N N N N N N N N

N N N N N N N N N 
.

N N N N N N

1C
<1

C 2C
<1

C 20 20 10 3C
<1

C 20
 

-

u 10 1C 30 20

5 
J

1 
53 53 53

1 
f 
r 

f
1 
f
 
C
 
ij
 
U

5c:
.

1C
C

15
G

1/
30

3
. 
2C
C 50 53 5 
j

1/
LG

3
1C

 3

N N N N N N N N N N N N N N 1

- 
3
0
-



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L

Y
S

E
S

--
c
o

n
ti
n

u
e

d

S
a

m
p

le

0
2
2
0

1
1

5
9

1
1
8
5

1
1
8
7

11
 3

9

1
1

9
0

1
1

9
1

1
1
9
2

1
2
0
7

1
2

0
9

1
2
1
0

1
2

1
1

1
2
1
2

1 
2
1
3

1
2
1
5

1
2

1
6

1
2
1
7

1
2

1
8

1 
2

1
9

1
2

2
3

1
2

2
3

A
 

1
2

7
8

1
1
3
0

I 
13

1
II
 3

1 
A 

1
1
3
2

I 
1
3
3

1
1
3
4

1
1
3
6

1
1
3
7

1
1

3
7

A
1

1
3

9

II
 4

0
 

1
U

1
 

1
1
4
1
 A

1
1
4
3

1
1
4
4

8
i-
p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
d

-p
p

m
S

N N N N N N N N
'

  
N N N N N N N N N N N N N N N N N f N N N N N N

2
0
0 N   N N N

C
o
-p

p
m

s

N 5 7 5 5

1
5 5

15 10
5

15 30
7

1
5 5

1
0

15 <5 <5 10 2
0

20

N 7 N N
10

N
1

0
1
0 5 5 5 5 N

10 20

C 
r-

p
p

m
s

10
N N N N

3
0 N

30 30
N

50
1

0
0 N

2
0

0 N N
7
0 N N

2
0 N

7
0 N N N N

1
0 20
N

3
0 N

1
0 1
0

1
0 N

1
0 N

C
u

-p
p

tn
s

5
2
0 7

1
5 1
5

1
5

1
5

2
0 1
5

<
5

3
0 7
0 7

5
0 5

2
0

1
5 5 7

3
0 7

1
0
0

1
0

3
0

<
5

<
5 3
0 5

1
0 5
0

<
5 7

1
0
0

3
0 5

7
0

2
0

L
a

-p
p

m
s

P
e
te

rs
b
u
rg

N N N N N

2
0 N N N N N N N N N N N

2
0 N N N N

Pe
 t
e

rs
b

u
rg

N N N N N

30
N N N N N N N N N

M
o

~
p

p
m

s

0
5

N N N N N N
' 

N N N N N N N N N N N N N N N N

0
6

N N N N N N N N N N N

30
C 5 N N

N
b

-p
p

m
s

N N N
20

N N N N N N N N N N N N N
2
0 N N N N N N N N N N N N

 
 

N N N N N N N

N
l-
p

p
m

S

N
<

5 5 5 5

1
5 5

1
5

1
0 5

2
0

7
0 5

5
0 5 5

. 
1

5 5 5
1

5 5
3

0

1
0

1
5 5

<5
5

5
0 5

1
5 5 5

1
5

2
0 5

1
5 5

P
b
-p

p
m

s

N
1

0 N
1

0
1

0

<
1
0 N N

<1
 0 1C

 .

N N N N
<

1
0 N N N

' 
N

<
1

0 N N N N N N N N N
 

.
N N N

3
0

5
0 N N N

S
b

-p
p

m
s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

S
c
-p

p
m

s

N
<

5 N N 7 7 5 5 5 5 5
15

5  7 5 7 7 N N 5

15 15

N M N N 5 N 5 7 5 N

<5
N N 7

50

S
"\

-p
p

m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N



P
E

T
E

R
S

B
U

R
G

 
S

TU
D

Y
 

A
R

E
A

 
P

E
B

B
LE

S
 

A
N

A
L

Y
S

E
S

--
c
o

n
ti
n

u
e

d

S
a
m

p
le

0
2

2
0

1
1

5
9

1
1

8
5

11
 3

7
1
1
8
9

1
1
9
0

1
1
9
1

1
1

9
2

1
2
0
7

1 
2
0
9

1
2
1
0

1
2

1
1

1
2
1
2

1
2
1
3

12
1 

5

1
2
1
6

1
2

1
7

12
1 

3
1
2
1
9

1
2

2
3

12
23

A
 

1
2
7
8

S
r-

p
p

m
 

s

N
70

0
20

0 N N

50
0 

20
0 

IC
O 

30
0 

3C
C

1
0
0

1
0

0
1

0
0

1
5

0
10

0

3
0
0

30
0 N N

30
0

30
0

1
0

0

V
-p

p
m

 
s

20
 

1
0
0
 

2C
 

15
 

70

10
C 50

10
0

1
5
0 10

1
5
0

1
5

0
15

0
1
5
0 50

1C
O

15
0 2G 1C

1C
C

20
0

30
0

U
-p

p
m

 
s

Y
-p

p
m

 
s

Z
n

-p
p

m
 

Z
r-

p
p
m

 
s 

s

P
e
te

rs
b
u
rg

 
05

T
rt

-p
p
m

 
s

A
u

-p
p

m
 

aa
C

u
-p

p
m

 
aa

P
b
-p

p
m

 
aa

Z
n
-p

p
m

 
aa

U
-p

p
m

 
cm

N
10

 
3

0 10 20
N N

 
N

:1
0

 
10 13 30 10 30 30

30 70 30
15

0
1

5
0

1
5

0
 N

1
0

0
1
5
0 20

1
0
0 20

1
0

0 70
1
0
0 30

 
50

20
0 70

10
G

1
0

0
1
0
0

N N N N N N N N N N N N N N N N N N N N N N

N
<

.0
5

N N N N N N N N .0
5

N N N N

<
.0

5
<

.0
5

N N N N N

5
40 10 20 25 20 20 25 15
5

45 70 10 60
5

40 20 <5 15 30 10
11
5

5 5
<5 15 20 15 15 15
5

1C

5
<5
5

<5 <5

5
10
5

10 10 <5 15

25 70 4C 5C 55 9C 45 9C 4C 15 55 30 20 45 35 25 45 45 40 35 10 40

N N N N f; N M
<

1 N N N N N N N N
<

1 N
<

1
<

1 N 1

P
e
te

rs
b
u
rg

 
0

6

1
1

3
0

1
1

3
1

 
11

 3
1 

A
1
1
3
2

1
1
3
3

1
1
3
4

1
1

3
6

1
1
3
7
 

1
1
3
7
A

1
1
3
9

1
1
4
0

1
1

4
1

 
1
1
4
1
A

1
1
4
3

1
1
4
4

N N N
2
0
0

1
0
0 N

20
C

 
1

0
0

 
5C

Q N N
 

N
 N

1
0
0
 

2
0

0

N
30

 
10

 
10

 
50 50

1
5

0
1C

C 70 30

20
0 50 1C

1
0
0

30
0

N
 

N
 

N
 N
 

2
0 N N

20 20
N

1
0

 N N
10

 
1
0
0

N
30

0 N N N N N
7
0
0
 N
 

N

>
1
0
,0

0
0

20
0 N N N

N
30

N N
70 30 50 70

1
0

0 30 30 30
N

50
 

20
0

N .0
5

 
<

.0
5

.0
5

 
<

.C
5

<
.0

5
 

<
.0

5
 

<
.0

5
N N

<
.0

5
 

<
.0

5
 

<
.0

5
N N

4
0

 
40

 
<5

 
10

 
35 1
0

 
15

 
35

 
<5 10

11
0 50

 
<5

 
60

 
15

<5 <5
 

<5
 

25 10 10
 

<
5 

1
0

 
<

5 
<

5

45
 

80
 

<
5 10

 
25

4
5

,

10
5

4
0 5

65 30 <5 25
74

0 30 35

D
D

L
32

0 20 40
13

0

P-



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L

Y
S

E
S

~
-C

O
n

ti
n

u
e

d

S
a
m

p
 I
e

1
1

 4
7

1 
1

6
8

1 
1 

7
0

1
1

7
2

1
1
7
4

1 
1

7
3

 
1
1
8
C

1
1

8
2

1
1

8
3

1 
1

3
4

1
1

8
6

1 
1

8
3

1
1

9
3

1 
1
9
4

1 
1

9
5

1 
1

9
5

A
1

1
9

5
8

1 
1

9
6

1 
1 

9
8

C
5

2
1

A
 

C
5

2
1

0
 

C
5

2
1

C
 

0
5
2
2
A

 
0

5
2

2
8

1C
; 2

 7
 

U
4

4
 

1 
U

S
A

 
1

C
4

5
B

 
11

. 
4 

5 
C

1
C

4
5

0
 

1
L
4
5
E

 
1
L
4
7
A

 
1
0
4
7
E

) 
1

0
4

8

1
L
4
9
 

1C
 5

 6
 

1 
(j 

5 
3

1
C

3
I]

 
1 

C
3
2
A

i f
: 3

,' n
1 
f"

, 
' r

L
a

ti
tu

d
e

L
o

n
g

it
u

d
e

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6 5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6 5
6

5
6

5
6 5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6

5
6 5
6

5
6

5
6

5
6

5
6

5
6

5
6

S
A

5
5 5
9

5
9

5
8

5
0 5
0

5
2

51 5C 5
2

5G 4
9

4
7

4
8

4
6

4
6

4
6

4
5

4
7

1
4

1
4

1
4

1
4

1
4

. 2  9 7 7 7 7 7 8 8 6

1
3

1
4

1
2

1
5

1
5 1
5

1 
S

1
7

4
3

5
7

5
0

4
7 5
6

2
5

2
2

21 41 3
9

5
2

3
0 7

  
4 4 4

2
2 8

2
7

2
7

2
7 2
0

2
0 1
5

2C 2
9

2
9

2
9

2
9

2
9 6 6

1
3

2
3

5
0

3U 4
5 3 3 1

1 
3
3

1
3

3
1
3
3

1
3
3

1
3
3

1
3
3

1
3

3
1 

3
3

1
3

3
1

3
3

1
3

3
1

3
3

1
3

3
1
3
3

1
3

3

1
3
3

1 
3

3
1
3
3

1
3
3

1
3
4

1
3
4

1 
3

4
1

3
4

1 
34

1
3

4
1
3
4

1
3

4
1

3
4

1 
3

4

1
3

4
1

3
4

1
3

4
1

3
4

1
3
4

1 
3

4
1

3
4

1
3

4

1
3

4
1

3
4

1
3

4
1 

U

5C 51 51 5
5

4
3

4
2

4C 41 4C 4
4

4C 4C 4C 4
0

5
5

5
5

5
5

4
1

4
7

1
2

1
2

1
2

1
2

1
2 6

1
2

1
5

1
5

1
5

1
5

1
5
- 6 6 8

1C
5

1
3

1
4

1
4

1
4 1 
/

3
8

4
8

4
2

3
0

3
3

4
9 9

3
5

2
5

1
5 8

1
0 3
6 2

3
4

3
4

3
4 3

3
0

1
5

1
5

1
5

2
4

2
4

4
8

2
0 2
0

2
0

2G 2
0

2
0

2
0

2
0 3

5
6

51 3C 3
5 0 C 0

F
e
-p

c
t.
 

M
y
-p

c
t.

s

3
.0

5
.0

3
.0

3
.0

3
.0

5
.0

7
.0

3
.C

3
.0

3
.0

7
.0

1 
.0

1
0

.0
3
.0

3
.0

2
.0

7
.0

7
.0

3
.0

2
.0

3
.0

3
.0

3
.0

2
.0

3
.0

3
.0

2
.U

3
.0

1 
.0

5
.0

2
.0 .7

3
.0

3
.0

3
.0

5
.0

3
.0

3
.0

2
.0

3
.0 * 
.n

s 1
.0

0
2

.0
0

1 
.0

0
.7

0
1 

.0
0

.7
0

1 
.0

0
2
.0

0
.7

0
.7

0

2
.C

C
.3

0
.5

0
.5

0
.0

5

.0
5

.5
0

2
.0

0
.7

0

.7
0

.7
0

.7
0

1
.0

0
.5

0

1
.0

0
1 

.0
0

.7
0

1
.0

C
.7

0

2
.0

0
.7

0
.3

0
1 

.0
0

.7
0

.7
0

2
.0

0
1.

C
10

1 
.O

C
1 

.0
0

.7
C

i 
n n

C
a
-p

c
t.
 

T
i-
p
c
t.
 

M
n-

pp
cn

s 3
,0

0
1
.5

0
1
.0

C
5

.0
0

1
.5

0

.7
0

2
.0

0
1

.5
C

1
.0

0
1
.5

0

2
.0

C
.1

0
1
.0

0
1

.5
0

.7
0

.2
0

.7
0

2
.0

0
1
.0

C P
o

rt

1
.5

0
1

.0
0

.7
0

.7
0

.1
0

1
.5

0
1
.5

0
1
.5

0
1
.5

0
2

0
.0

0

3
.0

0
1
.5

0
.0

7
1 

.0
0

1
.5

0

1
.5

0
3

.0
0

1
.5

0 P
o

rt

2
.0

C
1 

5
.0

0
2

.0
0

? 
no

s .2
0

0
.3

0
0

.2
0

0
.1

0
0

.3
0
0

.2
0

0
.3

0
0

,2
0
0

.2
0
0

.2
0

0

.5
0

0
.0

5
0

.1
5
0

.2
0
0

.2
0

0

.1
0

0
.2

0
0

.7
0
0

.2
0
0

A
le

x
a

n
d

e
r

.2
0

0
.1

5
0

.2
0

0
.2

0
0

.1
0
0

.1
5

0
.1

5
0

.1
0

0
.2

0
0

.0
2

0

.3
0

0
.1

5
0

.1
0

0
.2

0
0

.2
0
0

.2
0

0
.5

0
0

.2
0
0

A 
I 
e

x
a

n
d

e
r

.1
5

0
.1

0
0

.1
5

0
 

| J
|

s

1
/0

0
0

1
/5

0
0

7
0
0

3
/0

0
0

7
0

0

7
0
0

7
0
0

7
0
0

7
0
0

7
0
0

7
0
0

2
0

0
1

/0
0

0
7

0
0 50

1
5
0

7
0

0
1

/0
0

0
50

0

A
1

1
5

0
2
0
0

2
0

0
2
0
0 30

50
0

2
0

0
5

0
0

7
0

0
1

/5
0

0

7
0

0
3

0
0 50

5
0

0
7

0
0

5
0
0

7
0

0
30

0

B1

50
0

5
0

0
b 

50
0

?n
n

A
g

-p
p

c
n

s

N N N N N N N N N N N N N N N N N N N N N N N .5 N N N N N N N N N N N N N N N N N

A
s
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N M

A
u

-p
p

m
s

N N
.

N N N N N N N N N N N N N N N N N N N N N 
.

N N N N N N N N N N N N N N N N N N

B
-p

p
cn

s

30 30 30 2
0

 1
0 10 2
0 30 30 10 10 10 10

<
10 20 10 10

<
1
0

<1
 0

<
1

0
<1

 0 10
<

10
<

1
0 20

<
1
0

<
1
0 30
N

<
1 

0
<

1
0

1
0 10

<1
C

<
10 30 20

<
1

0
<

1
0

0
0

<"
in

B
a
-p

p
m

s

3
0

3
3

0
0

1
5
0

7
0

0
7

0
3

7
0

0
5

0
0

2
0

0
7

0
0

5
3

3

1
0

0
1

5
3

3
0
0

5
0

3
5
0
0

3
0

0
5

0
0

1
5
0

3
0

0

' 
5

0
0

 
'

7
0

0
1

5
3

3
0

0
1
0
3

2
0

0
1

5
0

5
0

0
5
0
0 53

2
0

0
2
0
3 50

3
0
0

3
0

0

5
0
0

3
0
0

2
0
0

3
0
0

1
5

0
7
0
0

7
P

1

B
e
-p

p
m

s

N N N N N 1 N 1 1 N N N 1 N 1 N 1 N N N 1 N N N N N N N N N N N N N 1 N N N
.

N N 1



3

P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S
 
c
o

n
ti

n
u

e
d

S
a
m
p
l
e

1 
1
4
7

1
1
6
3

I 
1 
7 
C 

1
1
7
2

II
 7
4

1
1
7
3

11
 3
0

11
 3
2

1
1
8
3

I 
1 
84

II
 8
6
 

11
 3
3 

1
1
9
3
 

11
 9
4

I 
1 
95

II
 9
5
A
 

11
 9
5
B
 

11
 9
6
 

11
 9
8

0
5
2
1
 A

 
C
5
2
l
d
 

C
5
2
1
 C

 
L 
5 
2 
2 
A 

0
5
2
2
B

1
0
2
7

1 
C. 

4 
5 
A 

1
C
4
5
U
 

1
C
4
5
C

1
C
4
5
D
 

1
C
4
5
E
 

1
C
4
7
A
 

1
0
4
7
0
 

1
C
4
8

1
0
4
9

1
0
5
6

1
C
3
L
 

1I
.3

2A
 

1'.
, 

i 
2 

.1 
1
3
5
2
C

B
i-
p
p
m

 
C

d
-p

p
m

 
s 

s

N
 

N
 

N
 

ft
 

N
 

N
 

N
 

N
 

N
 

N

N
 

N
 

N
 

N
 

N
 

N
 

N
 

N
 

N
 

N

N 
N

 
N

 
N

 
N

 
M

 
N

 
N

N
 

N

N
 

N
 

N 
N

N
 

N
 

N
 

N

C
o
-p

p
m

 
s

1
5
 

1
5
 

1
5
 7 

1
0 5 

1
0
 

1
5

 5 5

2
0
 5 

1
5
 5 5 5 5

1
5
 5

C 
r-

p
p

m
 

s

N 
1
5
0
 

7
0

 N 
3
0 N 

1C
O

 
7
0
 N N

1
5

0
 N N N N N N

3
0 N

C
u

-p
p

m
 

L
a

-p
p

m
 

M
o
-p

p
m

 
s 

s 
$

5
0
 

2
0

 
5
0
 

1 
5 

1
5

<
5

3
0

 
15

 5 
<

5

2
0
 

<
5

 7 
<

5
1

5

<
5 7

2
0
 7

N N N
 

N N N N N
 

N N N N
 N N

2
0 N

 
N N

 
N

N N N
 

N N 5 
<

5 N N N N N N N 5 N N N N

N
b

-p
p

ra
 

s

N N N 
. 

N N N N N N N N N
 N N N N N N

N
i-
p
p
m

 
P

b
-p

p
m

 
S

b
-p

p
m

 
s 

s 
$

1
0
 

1
0

0
 

3
0

 
1
0
 

1
5

<
5

5
0
 

2
0

 5 
<

5

7
0
 5 5 5

<
5

<
5 5 

1
0
 5

<
1

0
 N N N 

<
1
0

1
0

 
<

1
0

 N 
1

0
 

<
1
0 N N 

<
1

0
<

1
0
 

1
0 N

<
1

0
 N 

<
1

0

N N N
 

N N N N N N
 

N N N N N N N N N N

S
c
-p

p
m

 
S

n
-p

p
m

 
s 

s 
 

1
0
 7 7 5 7 5 

13
 7 5 5 7 N 5 5 5 5 5

1
0
 5

N N N N N N N N N N N N N N N N N
 

N N

N N N N N N N 
' N

 N N N N N N N N N N

5 5 5
1C

P
o
r
t
 
A
l
e
x
a
n
d
e
r
 
A1

N N N N N N N N N N N N IT N N N N N

5 7
10 10
5 7 7 5

15
N

20
N 7 7

10

5
20 10

N N
30 20 10 20 20 N 10 N

50 N N
2
0

1
0 N

30 30

15 70
 

30
 

20
 

20 20
 

10
 

50
 

50
5

70
 

15
 5 

15
 

15 50
 

70 50

N N N N N N N 
2
0
 N N N N N N N N N N

N 
<5
N N N N N N N N

<5 N N N N N N N

N N N N N N N N N N N N N N N N N N

<5
5 

10
 7 7 7 

10
 

<5 10
N

20
 

<5
 

<5
5 5 5

20
 

20

N N N .N
 N N N N 

10
N

<
1
0
 

N N 
<
1
0 N N N N

N N N N N N N N N N N N N N N N N N

5 
' 

5 5 5 
<5

5 7 N 7
<5 10

 N N 7 7 5 
13

 7

N N N N N N N N N N N N N N N N N N

Po
rt
 
A
l
e
x
a
n
d
e
r
 
B1

5
15

 
15 20

N N N N
15

7
N N N N

N N N N

<5 10
 

<
5 <5

N N N N

N N N N

. 
5 5 N <;

N N N



P
E
T
E
R
S
B
U
R
G
 
ST

UD
Y 

AR
EA

 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
 
c
o
n
t
i
n
u
e
d

S
a
m
p
 I 
e

1
U

7
 

1
1

6
8

 
1
1
7
0
 

1
1

7
2

 
1
1
7
4

1
1
7
3

1
1

8
0

1
1

3
2

1
1
8
3

1
1

8
4

11
 3

6
1

1
8

8
1

1
9

3
1
1
9
4

1
1

9
5

1
1
9
5
A

 
1
1
9
5
B

1
1
9
6

1
1
9
8

0
5

2
1

A
 

0
5

2
1

6
 

0
5

2
1

C
 

0
5
2
2
A

 
0
5
2
2
8

1
0

2
7

1C
JU

1
0

4
5

A
1

0
4

5
8

1
0
4
5
C

1
0
4
5
D
 

1
0
4
5
E
 

1
0
4
7
A
 

1
0
4
7
B

10
4 

a

1
C

4
9
 

1
0

5
6

 
1

0
5

8

1
0
3
0
 

1
0

3
2

A
 

1
0

3
2

B
 

1
0

3
2

C

S
r-

p
p
m

 
s

30
0

1
0
0

1
0

0
1
0
0

20
0

1
5
0
 N

30
0 

20
0 

20
0

1
0
0
 N N

1
0
0
 

1
0
0 N

1
0
0
 

2
0

0 N

50
0

30
0

1
0

0
1

0
0 N

1
0
0

30
0

20
0

30
0

1 
,0

0
0

70
0

20
0 N

30
0 

30
0

30
0

70
0

1
0

0

3C
O

1
,0

0
0

30
0

50
0

V
-p

p
m

 
s

20
0 

15
0 

1C
O

 
20

 
1

5
0

1
5

0
1

0
0 20 70

1
5

0 10 50 50

N
10

20
0 30 70 70 70 70 50

15
0 

.1
00 30

 
1C

O 10

1
5

0 30 30
1

0
0

10
0 70

 
2G

O
 

10
C 50

 
50

 
?0

 
70

W
-p

p
m

S'

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y
-p

p
m

S

30
N N

15  N 30 20 10 30
N N N

20 10 30

<
10 30 20 10

<
1

0
<

10 10 10
N N N N

10 30 20
N N

<
1

0 10

<
1

0 20
<

1
0 N

<
10

N
<

1
0

Z
n

-p
p

m
s

N N N N N N N N N N N N N N N

' 
' 

N N N N

P
o

rt N N N N N N N N N
'

N

2
0
0 N N N N N N N

P
o
rt N N N N

2
r-

p
p

m
s

1
0
0

1
0

0 70 30 70

3
0
0

2
0
0
 

'
70

20
0 50 70

1
0

0
1

0
0

 ' 
  

< 
1

0
0

 
  

'
20

0

1
5
0

2
0
0

2
0
0

2
0
0

A
le

x
a

n
d

e
r 

A1

1
0
0

1
0
0

1
0

0
10

0 50 70 70
1

0
0

1
0
0 N

1
0

0 50 20
1C

O
1

0
0 70

1
0
0 70

A
le

x
a
n
d
e
r 

B1

1
5

0 2C 70
 

t
£

1
5

0
 

'*
-

T
h
-p

p
m

S

N N N N N N N N N N N N N  N N N N N N N N N N N N N N N N N N N N N N N N N N

rr
t 

N
'&

 
N

A
u

-p
p

m
aa

N N N
<

.0
5

N N N N N N N N N N N N N
-

N N N N N N N

<
.0

5

N N N N N N N N N N N N N N N N

C
u
-p

p
m

aa

40 30 55 20 15 <
5

4
0

25
5

<5 10
5

10
5

15 10
5

10 10 4
0 75 45 35 15 4
0

30 15 75 15

1
2
5 35 10 4
5 3
0 55 6
0 45 15 2
0 15 4
0

P
b

-p
p

m
aa

15
5

10 15 10 15 1
0

 
.

15 10 <5

5
<5 10 15 25 15 1C <5 10 1L

5
1C 1C

5

  
15 1C

5
30 5C 15 10

5
15 10

5
15 20

5
' 

35
  

5
10

 
,

Z 
n

-p
p

m
ad

75 3C 45 10 65 9C 75 4
5 50 35 4
5

2L 9C '4
5 4
5

1
2
0

1?
C 4
5

13
C 2C
5

40 75 75 7C 5C 1L 65
1

5
0 35
5 5

S5 35 2
f

8L
11

 5 5
40 1 

5
2C

W
-p

pm
cm

2 N N N N 1 N
<

1 N N N N N
<

1 2

<1 N N
<

1

<
1

<
1 N N N N

<
1

<
1 N N

<
1 2 N

<
1 N N M N

<
1 N N

<
1



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
LY

S
E

S
  
 c

o
n
t 

i 
n
u
e
d

S
a

m
p

le
L

a
 t
 i
tu

d
e

L
o
n
g
 i
tu

d
e

1
0
3
6

1
0

3
7

1
Q

3
8

1
0

A
O

1
0

4
1

1
0
5
0

1
0

5
1

1
0
5
2

1
0
5
3

1
0
5
A

J
0
5
9

1
0

6
1

5
6 56 56 56 56 5
6 56 5
6 56 56 56 56

1
5 15 1
9

1
8 1
6

1
9

1
9

17 1
7 1
5

24 22

1C 11 1
0 ,3 0

4
0 3C 31 2.
5

4
0 9

4
8

1
3

4
1
3
4

1
3

4
1

3
4

1 
34

1
3
4

1
3
4

1
3

4
1
3
4

1
3
4

1
3

4
1

3
4

1
3 2

1
5

1
7

1
6 9 9

1
2 4 7 9 8

0
2

9 35 2
0 .0
.'

50 40 2
5 30 50 25 1
9

1
0
6
2

1
0
6
3
 

. 
1
0
6
5

1
C

6
6

1
0
6
3

1
0
6
9

1
0
6
9
A

1
0

7
0

1
0
7
1

1
0
7
2

1
0
7
4

1
C

7
6

1
0
3
0

1
0

8
3

1
0
S

3
A

1
0
8
5

1
0

8
7

1
0

8
9

1
1

0
6

1
1
0
7

1
,1

0
8

1
1
0
9

56 56 5
6 56 56 56 56 5
6 56 56 56 56 56 56 56 56 56 56 56 56 56 56

3
7

3
8

4
0

4
2

41 4
2 42 4
3

42 4
3

41 4
4 35 4
3

4
3 32 32 32 41 3
9

3
8

3
9

2
3 3
8

4
3 18 22 1
9 19 10 23 31 4
5 2
3

20 24 24 26 3
3

33 26 51 10 50

1 
34

1
3
4

1.
34

1
3
4

1
3
4

1
3
4

1
3

4
1
3
4

1
3

4
1
3
4

1
3
4

1
3
4

1
3
4

1
3
4

1
3

4

1
3
4

1
3

4
1
3
4

1
3
4

1
3

4

1
3
4

1
3
4

1
4

1
5

1
2 1
3

1C ,8 3
1 

3 8
15

3
1
4 12
3 3 9 2 2

14 1
6

1
6

1
9

3
9

31 4
6 59 37 42 42 28 32
0 50 22
C 22 22 4
5

42 51 50 0 42 1
8

F
e
-p

c
t.
 

M
g

-p
c
t.

 
C

a
-p

c
t.
 

T
j-
p
c
t.

s

3
.0

3
.0

 3
.0

3
,0

1 
3
.Q

3
.P

2
.0

3
.0

2 
,0

3
.P

 
.

3
.P

3
.P

s

.7
0

.5
0

i.p
o

2
.0

0
.7

0

.7
0

.7
0

2
..

0
0

.5
0

,.
7
0

.7
0

.7
0

s 1
.5

0
.5

0
5

.0
0

2
.0

0
1

.5
0

2
.0

0
1

.5
0

3.
. 0

0
.5

0
1
.0

0

3
.0

0
1
.5

C

s

, 
.2

0
0

.1
5
0

.1
5

0
.3

0
0

.1
5

0

.2
0

0
.2

0
0

.2
0

0
.1

0
0

.3
0

0

.2
0

0
.2

0
0

M
n

-p
p

m
s

7C
O

2P
P

7P
P

7
flP

7P
P

7C
P

S
O

P
S

P
p

, 
2P

P
S

P
P

7P
P

SO
P

A
g
-p

p
i

S

N N N N N N N N N N N N

P
o

rt
 

A
le

x
a

n
d

e
r 

C1

3.
0

7.
0

3.
0

7.
0

3.
0

3,
*0

3,
0

3.
0

3.
0

5,
0

3.
0

5.
0

3.
0

1.
0

3.
0

3.
0

3.
0

3.
0

3.
0

3
«P

3.
*0

3-
9

.7
0

2
.
0
0

.5
0

1 
.5
0

.7
0

,5
0

1
.
P
O

1
.
0
0

.3
0

2
.
0
0

.5
0

1 
.0

0
1
.
C
P

.0
7

.2
0

1 
.0
0

.7
0

1 
.0

0
1,

op
2
.
0
0

.7
0

1
.
0
0

1.
0P

2.
 P
C

.7
0

1.
50

1.
70 ,7
0

1.
50

2.
00

1.
CC

2.
CC .5
0

1.
00

2.
 C
O

.1
P

1.
PP

1.
PO .2
P

3.
 C
O

2.
00

?.
 oo

1.
50

i.
oo

.3
00

.7
00

.1
50

.7
00

.2
00

,1
5P

.3
00

.3
00

.3
00

,3
0P

,3
0P

.3
00

.3
00

,1
0P

,3
PO

.3
PP

,2
PP

.3
00

.2
00

.3
00

.1
5P

.3
00

70
P

70
P

2P
O

70
0

3P
P

15
0

3P
P

SO
P

SC
O

5P
P

5P
P

70
P

70
P 50

7P
O

7P
P

70
P

SO
P

5C
O

70
0

20
0

?O
P

N N N N N N N N N N N N N N N N N N N N N N

A
s
-p

p
m

S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N
  

N N N N

A
u

-p
|i
m

S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

B
-p

p
m

s <
1C

<
1C 1C <1

P
<

1C <
1C

<
1

0 N
1
0

1C 2
0

2C
 

.

20
<

1
0 1C 2
0

2
0

<
1C

<
1C 15 20

 
.

<
1C <
1

0 1
0

20 30 2P 10 1
0

30 1
0

10 1
0

1P

B 
a 
- 

p 
p 

m
s

3C
O 73

1
5

3
3
0
0

5D
O

2
0
?

3
0
0

2
0
0

1
5
3

2
3

3

*C
P

2
0

3

2L
O

1
0

3
2C

3
2

3
3

2D
O

5
0
3

1
5
3

2
0
0

1
0

3
1

5
3

1 
53

1
5

0 73
1

5
3

3C
3

2
3
3

3
0
3

2
0
3

2
0
0

1
5

3

1
0
0

5G
3

B
e

-p
p

m
s

N 2 N N 1 N N N N N N N 1 N 2 N 2 N N N N N N -N N N 3 N 3 N 2 N N N



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

S 
a
m
p
 l
e

1
0
3
6

1
0
3
7

1
0
3
8

1
0
4
0

1
0
4
1

1
0
5
0

1
0
5
1

1
0
5
2

1
0
5
3

1
0
5
4

1
0
5
9

1
0
6
1

1
0
6
2

1
0
6
3

1
0
6
5

1
0
6
6

1
0
6
8

1
0
6
9
 

1
0
6
9
A

1
0
7
0

1
0
7
1

1
0
7
2

1
0
7
4
 

1
0
7
6
 

1
0
8
0
 

1
0
3
3
 

1
0
8
3
A

1
0
3
5

1
0
8
7

1
0
8
9

1
1
0
6

1
1
0
7

1
1
0
3

1
1
0
9

B
i -

p
p
m

s

N N N N N N N N N N N N  N N N N N N N N N N N N N N N N N N N N N N

C
d-

pp
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

C
o

-p
p

m
S

5 N .5 5 5 5 5
1
0 5

1
0 10
7

15 20
5

20 15

5
15 15 15 15 15 15 15

5 5 7 7 7 7 
 

15

7
10

C
r-

p
p
m

s

N N
3

0 30
N N

1
0

5
0 N

3
0

5
0

3
0

3
0

2
0

3
0

5
0

1
0 N

1
5

1
0 N

3
0

3
0

2
0

1
0
0 N N

1C
N N N

. 
2

0 10 10

C
u-

pp
m

 
L

a
-p

p
m

 
M

o-
pp

m
s

1C
5

15 30
5

20 20
15

0 10 70 30 20

P
o

rt

20 50 15 50 15 10 '1
5 30 20 50 20 70 20 20
5

50 20 50 50 70 10 15

s

N N N N N

> 
N N N N N N N

A 
le

x
a
n
d
e
r

N N N N N N N N N N N N N N
20

 
j

N N jN N N N N

S

N N N N N N N
<5

N N N N

C
1

.N N N N N N N N N N N N N 5 N N N N N N N N

N
b

-p
p

m
s

N
3
0 N N N N N N N N N N N N N N N N N N N N N N N N

2
0 N N N N N N N

N
i
-
p
p
m

<5
5 5

10
5 5 5

20 10 10 2
0 5

2
0 20
5

20
5 5

1
5

10 10 20 15
 

15
 

70
 

30
 

<5

5 5 5 5
15

5 5

P
b-

pp
ra

 
S

b-
pp

m
s

N
<

1
0 N

<
1

0 N N N N N N N N N N
<

1
0 N

<
1
0

<
1

0 N
<

10
N

<
1
0 N N N

<
1

0
<

1
0

 
.

<
1

0
<

1
0

1
0

1
0

<
1
0
 

.

N
1

0

s

N N N N N N N N N N N N N N N N N N
, 

N N N N N N N N N N N N N N N N

S
c
-p

p
m

S

<5 N 7 7 5 5 5 
.

7
<

5 7 7 7 7
1

5 5
1
5 5

<
5 7 7 7 7 7 7 7 N 7 7 5 7 7 7 5 7

S
n
-p

p
m

s

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

1
P
3
6
 

1
0
3
7
 

1
C
3
8
 

1
0
A
O
 

1
0
4
1

1
0
5
0

1
0
5
1

1
0
5
2

1
0
5
3

1
0
5
4

1
0
5
9

1
0
6
1

1
0
6
2
 

1
C
6
3

1
0
6
5

1
0
6
6

1
0
6
8

1
0
6
9
 

1
0
6
9
A

1
0
7
0

1
0
7
1

1
0
7
2

1
0
7
4
 

1
0
7
6
 

1
0
3
0
 

1
0
8
3
 

1
C
S
3
A

1
0

8
5

1
0

8
7

1
0

3
9

1
1

0
6

1
1

0
7

1
1
0
8

1
.1

0
9

S
r-

p
p
m

 
s 30

0 N
70

0 
50

0 
30

0

50
0

50
0

70
0

1
0
0

30
0

5
0
0

3
0
0

1
0
0
 

10
0 

1
0
0
 

5C
U 

30
0

1
0

0
1

0
0

5
0

0
1
0
0

1
0
0 N

3
0

0
 

1
0
0 N 

1
0

0

1
0
0

1
0

0
5

0
0

30
0

30
0

2
0
0
 

1C
C

V
-p

p
m

 
s

50 1
0

1C
O

1
5
0 70 50

 
50

. 
TO

O 50
1
5
0

1
0

0
1

0
0

1
0
0

20
0 70

20
0

1
0

0 30
1
5
0

1
0
0

1
0

0
1

0
0 70

 
1
5
0
 

1
5

0
 

1
0
0
 

' 
3
0

1
5
0 50

15
0

1
0

0
1

5
0 7
0

7
0

W
-p

p
m

S

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

Y
-p

p
m

S <1
0 50 10 20

 
<1

0

<1
 0

<1
 0

<1
0 N

<
10 io

<
1
0 1
0 20 1
0

2
0 3
0

<1
 o

<1
 0 10

<1
 0 3
0

<1
 0

<1
 b

<1
 0 N
3
0

<
1
0 3
0

1
3 3
0

10 1
0

3
0

2
^
-p

p
m

s

N N N
2
0
0 N N N N N N 

.

N N

P
o

rt N
<

2
0

0 N N N N N N N N N N N N N N N N N
. 

N N N

Z
r-

p
p
m

S

  
, 

. 
30

 
.

7
0
0 7
0

1
0

0
1
0
0 7
0

1
0

0 7
0 3
0

1
0
0

1
0

0
1

0
0

A
le

x
a

n
d

e
r 

C
1

1
5

0
1
0
0

1
0

0
1

5
0 7
0 50 7
0

7
0

1
0

0
1
0
0

. 
1

0
0

7
0

1
0

0
2
0
0

5Q
O

1
0

0
3C

O
1

0
0

3
0

0
1
0
0 70

2
0
0

T
h
-p

p
m

s

N N N N N N N N N N N N . N N N N N N N N N N N N N N N N N N N N N N

A
u

-p
p

m
aa

N N N N N N N N N N N N N N N
.

N N N
'

N N N N N N
<

.0
5

<
.0

5
N

<
.0

5
<

.0
5

N
<

.0
5

.0
5

<
.0

5
<

.0
5

C
u-

pp
m

aa

15 10 15 40 10 25 25
1

5
0 15 40 40 4
0

3
0

4
5

1
5 3
5

2
5

1
5

2
5

3
5

3
0

4
5 3
0

5
0

3
0 4
0 5

3
5

1
0
 

.
4

0
4

5
7
5 3
0

2
5

P
b

-p
p

m
aa

<
5

1
0

2
5

2
L 5 5 5

1
5 5

1
5

25 2
0 1
5

1
0 5

1
5

1
5

1C 1
0

2
0 1
5

1
5 10 1
5

1
5 2
5

1
0

2C 1C 2
0 5 5

1C 1
0

Z
n
-p

p
m

aa

1
0

1
2

0 2
5

6
0

2
5

1
0

4C 2C 4
5 8
0 75 85 8
5

4
0

  
4C 8C 5

0

6
0

55 7
5

2
5

3C 7
5

9
5

5
5 75 4
0

8
5

6
0

' 
6C 2

5
75 7
0

6
5

W
-p

p
m

cm

<1
1 N

<1
N 1 1 1 n N

<
1 N

<1
N

<1
N 1

<
1 N N N

<1

1 N N
<1 <1

N N N N N N N



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L

Y
S

E
S

-^
c
o

n
ti
n

u
e

d

S
a

m
p

le

1
1
1
0

1
1

1
1

11
12

0
6
8
6
 

0
6
9
0
 

1
C

7
5

 
1

0
7

5
A

1
0
7
7

1
0

7
8

1
0

7
9

 
1

C
7

9
A

 
1

0
8

1
 

1
C

3
1

V

1
0
8
6
 

1
C
3
3
 

1
0
9
0
 

1
C
9
2

1
0
9
3

1
0
9
4

1
0
9
5
 

1
G
9
6
 

1
0
9
7
 

1
0
9
3

1
C

9
8

A
 

1
C

9
9

1
1

0
0

1
1
0
1

1
1
0
3

1
1
0
5

1
1
1
3

1
1

1
9

1
1
2
1

1
1
2
3

1
1
2
4

1
1

2
5

1
1
2
6

1
1
2
7
 

1
1

2
7

A

L
a
t 
it
u

d
e

L
o
n
g
it
u
d
e

5
6 5
6 56 5
6

5
6 5
6 56 5
6 5
6

5
6

5
6 56 3
6

5
6

5
6

56 5
6

5
6

5
6 5
6 5
6

5
6

5
6 56 5
6

5
6 56 5
6 5
6

5
6 56 5
6

56 56 5
4 56 56 5
6

4
0

42 4
3

54 53 4
5

4
5

4
5

4
5

4
5

4
5

4
5

4
5 4
7

4
3

4
9 4
9

4
3

4
9

5
0

4
8

4
9

4
3 4
8

4
9

5
0

4
6

4
6 4
9

4
8 4
8

5
2

5
3 52 52 5
5 54 54

32 11 31 50 12 24 21 1
9 17 10 12 3
0 30 36 25
3

43 53 34 3
0 1

4
9 1 1

3
9 30 11 21

3 
.

1
9 5
8

3
3

5
0 45 35 31
5 5

1 
34

1
3
4

1
3

4

1
3
4

1
3
4

1
3
4

1
3
4

1
3

4

1
3
4

1
3
4

1
3

4
1

3
4

1
3

4

1
3

4
1

3
4

1
3

4
1
3
4

1
3

4

1
3
4

1
3

4
1 

34
1
3
4

1
3

4

1
3

4
1

3
4

1
3
4

1
3

4
1
3
4

1
3

4
1
3
4

1
3
4

1
3
4

1
3
4

1
3
4

1 
34

1
3

4
1

3
4

1
3
4

2
0

2
2

2
0 9 4 8 8 8 6 3 8 6 6 2 7 6

1
0 7

1
0 6

1
5 9

1
5 1
5 9 6

1
7

1
7

1
9

1
0

1
8

1
8

1
8

4
15 1
3

1
2 6 6

30 2
9

1
8

4
0

15 1
8 1
3

2
8 0

1
2 12 5
9

59

0
24

8
58

5

5
8

2
9 53 57 44 44 52 54 52 55

2 0
10

5
50 42 3
8 22 45 4
5

F
e
-p

c
t.
 

s

3
.0

 
3
.0

 
3

.0

2
.0

 
3

.0

M
g

-p
c
t 

S
C

a
-p

c
t.
 

s
T

J
-p

c
t.

 
s

M
n

-p
p

m
 

s

P
o
r
t
 
A
l
e
x
a
n
d
e
r
 
C2

3.
0

3.
0 

7.
0 

3.
0 

3.
0 

3.
0

3.
0 

3.
0 

3
.
0
 

3
.
0
 

3
.
0

3
.
0
 

2
.
0
 

3.
0 

3
.
0
 

3
*
0

5.
0 

3.
0 

3.
0 

3.
0 

3.
0

3i
O 

3
.
0
 

2.
0 

5.
0 

3.
0

3.
0 

1*
0 

5*
0 

2.
0 

2
.
0

2
.
0
0

.7
0

.
3
0

1
.
0
0

.
3
0

1
.
0
0

1
.
0
0

.
7
0

'.
50

.7
0

1
.
0
0

.7
0

1
.
0
0

.2
0

1
.
0
0

1
.
0
0

:.
70

2
.
0
0

.
7
0

.
3
0

.7
0

.
7
0

.
7
0

2
.
0
0

.
7
0

.
3
0

1
.
0
0

.7
0

. 
i

uo
c

.
7
0

.
5
0

.
7
0

.
7
0

U
O
O

.
5
0

2
.
0
0

.
1
0

.
3
0

, 
2
.
0
0

1
.
5
0

.7
0 P
o
r
t

1
.
5
0

2
*
0
0

3
.
0
0

1
.
0
0

3
.
0
C

. 
. 

i
.5

0 
'

.
5
0

1
.
5
0

2
.
0
0

3
.
0
0

1
.
5
0

1
.
5
0

5
.
0
L

3
.
0
0

1 
.5

0

.5
0

1
.
C
C

.5
0

3
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

.2
0

2
.
0
0

.7
0

2
.
0
0

1
.
5
0

1
.
0
0

1
.
0
0

5
.
0
C

5
.
0
0

1
0
.
0
0

2
.
0
0

.
1
0

.
0
7

.
3
0
0

.2
00

.
2
0
0

A
l
e
x
a
n
d
e
r

.
1
0
0

.
5
0
0

. 
.
1
0
0

.
3
0
0

.
1
5
0

.
3
0
0

.
3
0
0

  
'
.
2
0
0

.
3
0
0

.
2
0
0

.
1
5
0

.
3
0
0

.
3
0
0

.
2
0
0

.
1
5
0

.
2
0
0

.
1
0
0

.
2
0
0

.
1
5
0

.
3
0
0

.
5
0
0

.2
00

.
1
5
0

.
1
5
0

.
1
5
0

.
1
5
0

.2
00

.
1
0
0

.
5
0
0

.
2
0
0

.
1
0
0

.
0
1
0

.5
00

.
0
2
0

.0
20

50
0

7C
O

5
0
0

01 1
,
0
0
0

1
/
5
0
0

70
0

5
0
0

1
/
0
0
0

2
0
0

5
0
0

SC
O

70
0

5
0
0

70
0

7
0
0

7
0
0

50
0

i 
7
0
0

20
0

50
0

70
0

50
0

30
0

70
0

50
0

15
0

5
0
0

30
0

, 
i

20
0

SC
O

2
0
0

70
0

7
0
0

20
0

70
0

1
/
0
0
0

50
0

70
0

A
g
-
p
p
m
 

s
A
s
-
p
p
m
 

s
Au
-p
pf
fl
 

S
8
-
p
p
m
 

s

20

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

7C 30 20 10 10 3C 20 20 10 30 30 3C 1C 30 10 30
<
1
0 30 1C 30 20 10 20

<
1
0 30 10 10

<1
C 1C 10

<1
0 N
20 1C 10

B
a
-
p
p
m
 

s

2
D
O
 

3
0
3
 

3
0
3

B
e
-
p
p
m
 

s

3
0
0

 
J
U
J

1
5
0

15
0

1
0
0

2
0
3

20
3

2
Q
3

73
3 70

20
3

2
0
0

2L
3

15
0

7
0
3

15
3

5
0
0

15
0

1
0
3

10
3

C
0
3

73
3

15
0

3
0
3

15
0

15
3

1C
3 7D

3C
D

70
3

20
3 70

2
C
Q

7C
D

15
3

2 2 N N N N N N N N

0 . 
N N N N N 2 N N N N 1 N 1 N N N 1 2 N N N N 2 2



S
a

m
p

le

1
1

1
0

1
1
1
1

11
 1

2

B
i-
p
p
m

 
s

C
d

-p
p

m
 

s
C

o
-p

p
m

 
s

15
5 5

P
E

T
E

R
S

B
U

R
G

 
S

TU
D

Y
 

A
R

E
A

 
P

E
B

B
LE

S
 

A
N

A
LY

S
E

 S
 c

o
n
t 

in
u

e
d

C
r-

p
p

ro
 

s

10
 N N

C 
u

-p
p

m
 

s
L
a
-p

p
m

 
s

M
o

-p
p

m
 

S

P
o

rt
 

A
le

x
a

n
d

e
r 

C
2

N
b
-p

p
m

 
s

N
i-
p

p
m

 
s

20
5

<5

P
b

-p
p

m
 

s

10

S
b

-p
p

m
 

s
S

c-
p
p
m

 
s

7 5
<5

S
n

-p
p

m
 

s

0
6

8
6

0
6
9
0

1
0

7
5

1
0

7
5

A
1
0
7
7

1
C

7
8

1
0
7
9

1
C

7
9
A

1
0
8
1

1
0

8
1

A

1
0
S
6
 

1
C
8
8
 

1
0
9
0

1
0
9
2

1
0
9
3

1
C
9
4

1
0
9
5

1
0
9
6

1
0
9
7

1
0
9
8

1
C
9
3
A

1
0
9
9

1
1
0
0

1
1
0
1

1
1
0
3

1
1
0
5

1
1
1
8

1
1
1
9

1
1
2
1

1
1
2
3

1 
1 
24

1
1
2
5

1
1
2
6

1
1
2
7
 

1
1
2
7
A

N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
-

N N N N N N N

5 N 5
15 10

7
15 10
5

15

5
10 10 7
15 10
5

10
7

10 15
5 5 5 7 5 

.
10
5

15 10

5 M
15
N M.
.

N N N N N N N
7
0 N

10

N
70 70 20 70 30 N
30
N

50 70
N N N

10 30
N N N

20 30
N

20
N N

5
10 20 50 30 15 70 50 15 70

7
70 30 20

1
5
0 20 <5 20 15 20 30
5

10 10 15 10 50 10 10 50 20 <5 30 <5 <5

20 50
. 

N N N N N N
1 

N N N N N, N N N N N N N

20
N 

1
N N N !'N N N

20
N N N N

30 20
 

. 
,

N N N N 
'

N N N N .N N N N N N N N N N N N N N N N N N N N N N N N N N N

30 30
N N N N N N N N N N N 

.
N N N N N N N N N N N N N N N

2
0 N N N N 

'

30 30

10 <5 10 10
5

10 15 30 10 20 10 20 15 10 50 15
5

10
5

20 50
5 5

10
5

10
5 5 5

1
0 5 N
15 <5 <5

N 20
N N N N

<
1
0

<1
0

0
0

<1
0 N N N N

<1
0 N

<
1
0 N N N

10
N N

<
1
0 N N N 

.
N N N N N

<
1
0 20

<
1
0

N N N N N N N N N N N N N N N N N N N N N N N N N N N N 
 

N N N N N N N

N
10 <5
7 7 7

10 13
7 7 5

13 5 5 5 7 N 7 5 5

15
5

<5
5 5 5 7 N

10
5 5 N

10
N N

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

9
-
3
3
.



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
-
-
C
O
n
t
i
n
u
e
d

Sa
mp
le

11
10

11
11

11
12

0
6
8
6

0
6
9
0

1
0
7
5

1
0
7
5
A

1
0
7
7

1
0
7
3

1
0
7
9

1
0
7
9
A

1
0
8
1

1
0
8
1
A

1
0
S
6
 

1
0
6
8
 

1
0
9
0

1
0
9
2

1
0
9
3

1
0
9
4

1
0
9
5

1
0
9
6

1
0
9
7

1
0
9
8

1
0
9
8
A
 

1
C
9
9

1
1
0
0

11
01

1
1
0
3

1
1
C
5
 

1
1
1
3
 

1
1
1
9
 

1
1
2
1

1
1
2
3

1
1
2
4

1
1
2
5

1
1
2
6

1
1
2
7
 

1
1
2
7
A

Sr
-p

pm
 

s 3C
O 

10
0 

10
0

V-
pp

m 
s 20

0 20 10

W-
pp
m 

s
Y-

pp
m 

s 20 20 20

N
3

0
0

1
0

0
10

0
20

0

1
0

0
1
0
0

1
0
0

3l
iC

2
0
0

1
0

0
20

0
3

0
0

30
0

2
0

0

3
0

0
10

C
10

0
3
0
0

10
C

30
C

50
0 N

3
0

0
2

0
0

20
0

3
0

0
IC

O
20

C
20

C

7
0
0

3
0
0

10
0 N N

10 50
1

5
0

1
5
0

10
0

1
5

0 30
1G

O
1
5
0

1
5

0 30
1
5
0 50 70

10
0

1
5

0 20
1
5
0

1
0

0
1

5
0

^0
0 50 50

1
0

0
1C

O 50
10

C 20 5C
1
0
0 30
N

1
5
0 N N

N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

3
0 30

<1
 0

<1
 0

<
10 10 30 10

<1
 0

<1
 0 N

10 10 10
N

<
1

0 10 10 10
<

10 30 10
N

20
<

10

N
1

0
1

0
3
0 N

<
1
0 N

20 20 20

Z
n-

pp
m

$

P
o

rt N
<

20
0 

.
N

P
o

rt N N N N N N N N N N N N N N N N N N N N N N N N N N
2
0
0 N N N N N N N N

Z
r-

p
p
m

S

A
le

x
an

d
er

 
C2

20
0

20
0

15
0

A
le

x
an

d
er

 
01

30
0

20
0 30 70 30 15
0 70 70 1C
O 50

... 
. 

. 
70 70 70 30 30 50

10
0 70 70 70

20
0 70 70 10
0

10
0 30

10
0 70

20
0 70 70
N

20
0

20
0

15
0

T
h-

pp
m

s

N N N N N N N N N .N N N N N N N N N N N N N N N N N N N N N N N N N N N N N

A
u-

pp
m

aa <
.0

5
<

.0
5

<
.0

5

N N N N N

<
.0

5
N N N N N N N N N N

<
.0

5
N

<
.0

5
.

N N N
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

<
.0

5
<

.0
5

N N N
<

.C
5

<
.0

5
<

.0
5

Cu
-p
pm
 

aa

75
 

60
 

<5

Pb
-p

pm
 

aa

20
 

<5
 

<5

Zn
-p

pm
 

aa

65 75 45

W
-
p
p
m
 

cm

10 <5 25 35 40 20 60 50 20 65 15 85 30 35 75 45
5

45 35 40 10 10 20 20 30 15 55 25
5

35 4
0 10 25 <5 <5

10 15 20 15 25 15
5

15 10 30

5 5
2
0 1 
5

15 10 10 10 20 1C 10 <5 <5 <5
5

<5
5

<5 <5 15 20 40 10 45 10

15
13

0 1C 95 5C 9C
1'

5C 6C 30 <5 25 45 3G 45
10
C 8C 65 9C 95 60 8C 30 50 10 55 3D

2
0
0 30 40 30

13
H 1C

23
C

12
C 70

N N N N N

<,
N N N N

< 
,

<1 <1
N
0

N N 1 N
0

2 N N N N N N
<1
N N N N N

<1
1

- 
3
3



P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
E

B
B

L
E

S
 

A
N

A
L
Y

S
E

S
 c

o
n
ti
n
u
e
d

S
am

pl
e

1
1
2
7
B
 

1 
1
2
7
C
 

1
1
2
8

1
1
4
5

1 
26

2
1
2
6
5

1
2
6
6

1
1
5
6

1
1
6
0

11
81

1 
19

9
12

01

1
2
0
1
A

1
2
0
3

1
2
0
4

1
2
0
6

1
2
0
8

11
 A

3 
1 
U

9
 

1
1

5
1

 
1
1
5
1
A

 
1

1
5

3

L
a

t 
i 

tu
d
e

56
 

54
 

5
56

 
5
4
 

5
56

 
4

9
 

5
9

57
 

1

L
o
n
g
 i
 t

u
d
e

1
3
4
 

6 
45

13
4 

6 
45

13
4 

2 
12

1
1
0
2

11
C4

1
1
C
4
A

11
13

1
1
1
4

11
15

1
1
1
6

1
1
1
7

56 56 56 56 56 56 56 56

49 49 49 45 46 51 51 53

53 51 51 35 32 25 10 20

13
4

13
4

13
4

13
4

1 
34

13
4

13
4

13
4

20 20 20 23 23 23 22 20

38 12 12 18 27 40 39 31

1
3

4
 

1 
15

57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57 57

0 0 0 2 0 0 2 2 2 1 1 2 1 4 4 4 4 S

10 22 23 20 22 20 33 4 4 0 58 37 2C 55 17 2C 20
6

13
3

13
3

13
3

13
3

13
3

1 
33

13
3

13
3

13
3

13
3

1 
33

13
3

13
3

13
3

1 
33

13
3

1 
33

13
3

8 9
15 37 23 39 33 32 32 26 30 38 36 56 57 57 57 48

20 22 20 31 28 49 42 0 0 40 38 10 10 25 15
2 2

40

Fe
-p

ct
. 

Mg
-p

ct
. 

Ca
-p
ct
.

s 2.
0

2.
0 .5

3.
0

3.
0

5.
0

5.
0

5.
0 

,

3.
0

5.
0

5.
0

3.
0

3.
0

3.
0

5.
0

3.
0

5.
0

3.
0

3.
0

5.
0

3.
0

3.
0

3.
0

3.
0

3.
0

3.
0

2.
0

5.
0

1.
0

5.
0

s

.5
0

.0
5

.0
5

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

2
.
0
0

1
.
0
0

1 
.0

0

.7
0

1
.
0
0

1 
.0

0

.7
0

2
.
0
0

1
.
0
0

.7
0

.7
0

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

1
.
0
0

.7
0

.7
0

2
.
0
0

.5
0

2
.
0
0

s

.2
C

<.
05 .0
5 Po
rt

2.
00

2.
00

2.
00

2
.
0
0

2.
00

1.
00

2.
00

3.
00

1.
50

1 
.5
0

2.
 0
0

2.
00

2.
00

. 
3.

00
2.

00
1.

00 .5
0

1
.
5
0

1.
00

2.
00

7.
00

1.
50 .7
0

1.
00

2.
00 .7
0

2.
00

Ti
-p

ct
. 

Mn
-p
pm

s .0
30

.0
50

.1
00

A
l
e
x
a
n
d
e
r

.3
00

*
.2
00

.3
00

.2
00

.3
00

.3
00

.5
00

.3
00

Si
tk
a 

A1

.0
50

S
u
m
d
u
m
 
A4

.2
00

.2
00

.3
00

S
u
m
d
u
m
 
A5

.1
00

.5
00

.1
 5
0

.2
00

.2
00

.3
00

.2
00

.2
00

.1
50

.1
50

S
u
m
d
u
m
 
A6

.1
50

.1
50

.2
00

.0
50

.2
00

s

50
0

70
0

20
0

02

50
0

50
0

70
0

70
0

50
0

20
0

70
0

70
0

50
0

50
0

70
0

1
/
0
0
0

SC
O

7C
O

70
0

70
0

70
0

70
0

50
0

70
0

70
0

70
0

70
0

50
0

70
0

50
0

70
0

10 30
 

1C
 

20 10 10 20 o
o 1
0 N

30 20 20 20 20 1
0 20

20
0

20
0

1
5

0
1
5
0

20
0

15
0 

2C
O

 
2C

O

20
3

30
0

20
0

50
3 50 50

1
5
3

5
0
3

1 
50

1 
53

1 
50

7
0

3
1
0
0

1
5
3

N N N N N

N N N N N

20 10 10 10 1C

50
0

7C
3

30
0

1/
30
0

50
3

N 1 N N N



P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
AR

EA
 
P
E
B
B
L
E
S
 
A
N
A
L
Y
S
E
S
  
-
c
o
n
t
i
n
u
e
d

S
a
m
p
l
e

1
1
2
7
B
 

1
1
2
7
C
 

1
1
2
3

1
1

C
2

1
1
0
4

1
1
0
A

A
1

1
1

3
1
1
U

1
1
1
 5

1
1
1
6

1
1
1
7

1
1

4
5

1
2
6
2

1
2

6
5

1
2
6
6

1 
1
5
6

1
1

6
0

1
1

3
1

1
1
9
9

1
2
0
1

1
2
0
1
A

12
03

12
04

1
2
0
6

1
2

0
3

1
1
4
8

1
1

4
9

 
1

1
5

1
 

1
1
5
1
A

 
1

1
5

3

Q
i-
p

p
m

s

N N N

C
d
-p

p
m

s

N N N

C
o
-p

p
m

S

N N 5

C
r-

p
p

ra
s

N N N

C
u-

pp
m

s

<5 <
5

<
5

L
a

-p
p

m
s

30
N N

M
o
-p

p
m

S

N N N

N
b

-p
p

ra
S

30 30 2
0

N
i-
p
p
ra

s

<
5

<
5 5

P
b

-p
p

ra
S

N
<

10
N

S
b

-p
p

m
s

N N N

S
c
-p

p
m

s

N N N

S
n

-p
p

ro
s

N N N

1
0 7

15 1
5

P
o
rt

 
A

le
x
a
n
d
e
r 

02

N N N N N N N N

1
0 15 15 30 10 15 20 15

20 10 20
N

20 20
10
0 30

30 SO 20
15
0 10 50 50 30

N N N N N N N N

N N N N N N N N

N N N N N N N N

5
10
5 5

10 15 70 15

30
0 20

1
0

0 20

1
5 50 50 15

S
it
k
a

 
A1

Su
m

du
m

 
A

4

N N N

S
um

du
m

 
A

5

SO 1
5

1
5 5

S
um

du
m

 
A

6

N N N N N N N N

7 7" 7 7 7 7
10

7

N N N N N N N N

N N N N N N N N N N

5
1
5 5 7

1
0 10 15 1
0 5 7 

'

1
0

1
0

0 1
5

3
0 5
0 3
0

30 15 3
0 30

1
0

7
0

3
0

2
0 1
5

2
0

1
0
0

1
5 7 7

N N N N N 
 i

N N N
IN

N

N N N N N N N N N N

N N N N N N N N N N

5
7
0

1
5 1
5

3
0

1
5

1 
5

1
0

1
0

1
5

N N
<1

 0
<1

 0
<1

 0 N N
<

1
0
. N

<
1

0

N N N N N N N N N N

N
1
5 5 5 5 5 5 5 5 5

N N N N N N N N N N

N N N N N

10 10 20
N

15

N
1
0 10
N

10

15 SO 70 10
10
0 

.

N N N N N

N
1
5 N N N

N N N N 
.

N

1
0

15
5 5 5

N N N N N

N N N N N

7 5
15
N

15

N N N N N



S
a
m
p
l
e

1
1
2
7
0
 

1
1
2
7
C
 

1
1
2
8

1
1

0
2

 
1 

1
0
4
 

1
1

0
4

A
 

1
1
1
3
 

1
1

U

1
1

1
 5

1
1
1
6

1
1

1
7

11
 4

5

1
2
6
2

1
2

6
5

1
2
6
6

1 
1
5
6

1
1
6
0

1
1

8
1

1
1

9
9

1
2
0
1

1
2
0
1
A

1
2
0

3
1
2
0
4

1
2
0
6

1
2
0
8

1
1

4
8

1
1
4
9
 

1
1

5
1

 
1
1
5
1
A

 
1

1
5

3

S
r-

p
p
m

 
s

N
 

N
 

N

V
-p

p
m

 
S

N N
1
0

3
0

0
7

0
0

7
0
0

7
0

1
0

0
1

5
0

20
0

1
0
0

1
0
0

5
0
0

1
0
0

7
0
0

1
0

0
1
0
0

30
0 10

20
0

W
-p

p
m

s

N N N

P
E

T
E

R
S

B
U

R
G

 
S

T
U

D
Y

 
A

R
E

A
 

P
F

B
B

L
E

S
 

A
N

A
L

Y
S

E
S

--
C

o
n

ti
n

u
e

d

Y
-p

p
m

s 10 30 10

3
0
0

3
C
O

2
0
0

3
C
O

3
0
0

50
0

50
0

30
0

15
C

2C
C

10
0 50

10
0

1
0
0

15
0

10
0

N N N N N N N N

20 20 10 N
10

<
1
0 20 10 10 10 20

3
0
0

10
0

15
0

10
0

1
0
0

2
0
0

10
0

20
0

7
0
0

30
0

30
1
5
0 50

10
0

,1
00 70

1
0
0

10
0 30 50

N N N N N N N N N N

N
15 10
N N N N

<
1
0 20
N

10 10 :1
0 N 10

Z
n
-p

p
m

 
s

Z
r-

p
p
m

s

20
0

20
0

20
0

N N N N N N N N

2
0
0

7
0

1
5
0 N

70 70
10

0 70

S
it
k
a

 
A1

S
ur

od
um

 
A4

N N N N N N N N N N N N N N N N N N

1
0
0

1
0
0 70

S
u
m
d
u
m
 
A5

20
1
0
0 70 50

1
0
0 70 70

10
0 30 70

S
u
m
d
u
m
 
A6

70
10

0
«.

 
30 20 70

T
h-

pp
m

 
s

N N N

P
o

rt
 

A
le

x
a
n
d
e
r 

02

A
u
-p

p
m

 
aa <

.0
5
 

<
.0

5
 

<
.0

5

C
u-

pp
m

 
aa

<5
 

<5
 

<5 25 6
5 45 20

P
b

-p
p

m
 

aa

5 5
10

N N N N N N N N

N N N N
<
.
0
5

<
.
0
5

<
.
0
5

<
.
0
5

30 75 25
2
2
0 15 50 45 A
5

<5 10
5 N 5

1
0

1
0 10 1
0 5 5

N N N N N N N N N N

<
.
Q
5

<
.
0
5

. 
N

" 
N N N N N N N

1
0

1
2
0 55 40 30 30 80 2
0 15 15

15 10 20 10 15

5
15 15 20 2
0

N N N N N

N N N
<

.0
5

<
.0

5

3
5 SO 8
0

1
5

1
5

0

1
0 5 5

<
5

1
0

Z
n

-p
p

m
 

a
a

7
0 75 5
0 50 55 20 20 35 8
5

6
0

7
0 20 5
0

 
6

0
 

4C 6
0

4
0

6
5 6
5

8
5

7
5
 

9C
 

4
5

 
4
0
 

6
0

60
 

55
 

1C
 

<5
 

15

W
-p

p
m

 
cm

N 1 3



1 
o

P
E
T
E
R
S
B
U
R
G
 
S
T
U
D
Y
 
A
R
E
A
 
P
E
O
B
L
E
S
 
A
N
A
L
Y
S
E
 S
"
C
o
n
t
 i
n
u
e
d

o

S
am

p 
le

1
1

5
A

1
1

5
5

1
1

5
7

1
1

7
1

1
1

7
3

1
1
7
3
A

1
1

7
5

1
1
7
5
A

1
1
7
7

1
1
7
9

1
1

9
7

1
2

0
0

1
2

0
2

L
a

t

. 
57 5
7 57 57 5
7 5
7

57 57 57 57 57 57 57

i 
tu

d
e

A 
3
9

5 
3

6
A 

3
3

1 
A

8
2 

50

2 
5
0

2 
3

9
2 

A
2

,1
 

5
0

0 
1

5
 .

0
'3

0

0 
1

A 
3

5

L
o
n
g
 i
 t
u

d
e

1
3
3
 

A
6

1
3
3
 

51
1
3
3
 

A
6

1
3

3
 

5A
1
3
3
 

A
S

1 
33

 
A

8
1

3
3

 
A

8
1
3
3
 

A
8

1
3
3
 

A
7

1
3

3
 

A
3

1
3
3
 

5
0

1
3

3
 

5
9

1
3
3
 

A
A

A
6 5

35 AO 15 15 1
3 1
3

A
8

50 15
1

50

F
e

-p
c
t.

s

3
.0

3
.0

3
.0

3
.0

2
.0

1
0
.0

1
0
. Q

7
.0

7
.0

2
.0

3
.0

3
.0

7
.0

M
g
-p

c
t.
 

C
a
-p

c
t.

 
T

i-
p
c
t.

s

.7
0

.7
0

2
.0

0
.7

0
. 

.7
0

3
.0

0
3
.0

0
.7

0
1
.0

0
.7

0

.7
0

2
.0

0
2
.0

0

s 1
.0

0
1

.0
0

3
. C

O
1

.5
0

.7
0

5
.0

0
3
.0

0
1
.5

0
1

.0
0

.1
0

.2
0

2
.0

0
1

.5
C

s .1
5

0
.2

0
0

.1
5

0
.2

0
0

.0
3
0

.3
0
0

.5
0

0
.1

5
0

.3
0

0
.1

0
0

.1
5

0
.3

0
0

.3
0

0

M
n
-p

p
m

 
A

g
-p

p
m

 
A

s-
p

p
m

 
A

u
-p

p
m

s

7
0
0

SC
O

2
/0

0
0

1
/0

0
0

30
0

1
/5

0
0

7
0
0

7C
O

7
0

0
1
0
0

7
0
0

5
0

0
70

C

s

N N N N N N N N N N N N N

S

N N N N N N N N N N N N N

S

N N N N N N N N N N N N N

B
-p

p
m

S

1C
<

1
0 30 1
0

1C 1C 1C 1C 3C 1C

<
1C 1

0 21

B
a
-p

p
m

s

10
D

3
0

3
2

0
3

1
5
3 73

2
0

3
1
5
3

1
5

3
3C

3
3
0
3

2
0

3
!>

03
1 

53

Be
  

0
3
9
1
 

0
8

9
3

 
0

3
9

3
A

 
1
0
1
8
 

1
0
2
G

56
 

31
 

36
 

56
 

31
 

3
3

 
56

 
31

 
33

56
 

3
8
 

30
 

56
 

AU
 

1C

1
3

1
 

5
8

 
52

 
1
3
1
 

5
9
 

0 
1

3
1

 
59

 
0 

1
3

1
 

5
9

 
AO

 
1
3
1
 

5
8

 
3
5

B
r
a
d
f
i
e
l
d
 
Ca
na
l 

C6

3
.0

1
.0

2
.0

2
.0

2
.0

1
.0

0
.3

0
.7

0
.3

0
.5

0

2
.0

0
1

.0
0

1
.0

0
1
.5

0
1
.5

0

.0
5

0
.0

2
0

.1
5

0
.1

0
0

.1
0

0

7
0
0
 

 
1
0
0

2
0

0
1

5
0

2
0
0

N N N
. 

N N

1/
5C
3 

1/
53

3
2C
O 

1/
CC
3

73
3

O



P
E

T
E

R
S

B
U

R
G

 
S

TU
D

Y
 

A
R

E
A

 
P

E
B

B
L

E
S

 
A

N
A

L
Y

S
E

S
--

c
o

n
ti

n
u

e
d

S
am

p 
le

1
1
5
4

1
1
5
5

1
1
5
7

1
1
7
1

1
1
7
3

1
1
7
3
A
 

11
 7
5 

1
1
7
5
A
 

1
1
7
7
 

11
 7
9

1
1
9
7

1
2
0
0

12
02

0
8
9
1
 

0
8

9
3

 
' 

0
3
9
3
A

 
1
0
1
8
 

1
0

2
0

Bi
-p
pm

s

N N N N N N N N N N N N N N N N N N

Cd
-p

pm
 

Co
-p

pm
s

N N N N N N N N N N N N N

. 
N N N N N

S

10 10
5 5 5

20 30 10 20 10

7
15 10 15
5 5 5 5

Cr
-p
pr
o

s

30 N
20
N

20 N N
50 50 30

N
20
0 50 20 N

15
0 N 30

Cu
-p

pm
 

La
-p

pm
 

Mo
-p

pm
$ 

s

15 70 15
. 

20 30 20
0

1,
50
0 70 10
0 20 20 70 50 Br
ad
f 
ie
td

10
0 20 20 70 10
0

N N
20
N N N N N N N N N N Ca

na
l

N N N N N

S

N N N N N N N 
.

N 5 N N N N

C6

N N
30
N N

Nb
-p

pm
s

N N N N N N N N N N N N N N N N N N

N
i
-
p
p
m

S

15 10 10 10 15 <5 20 15 50 20 10
  

10
0 30

7 5 50 <5 30

Pb
-p
pm

s <1
0 N N

<1
0 N N N

<
1
0 1
0 N N N N

15 10
N

10
<1
0

Sb
-p
pm

s

N N N N N N N N N N N N k N N N N N

S
c
-
p
p
m

s

7 7 7 5 N 7
15
7 7 5 5 5 5

15
N 5 N 5

S
n
-
p
p
m

s

N N N N N N N N N N N N N N N N N N

!(>



P
E

T
E

R
S

B
U

R
G

 
S

TU
D

Y
 

A
R

E
A

 
P

E
B

B
LE

S
 

A
N

A
L

Y
S

E
S

 c
o

n
ti
n

u
e

d

S
a

m
p

le

1
1
5
4

1
1

5
5

1
1
5
7

1
1

7
1

1
1

7
3

1
1

7
3

A
 

1
1

7
5

 
1

1
7

5
A

 
1
1
7
7
 

11
 7

9

1
1
9
7

1
2

0
0

1
2

0
2

0
8

9
1

0
3
9
3

0
8
9
3
A

1
0

1
8

1
0

2
0

S
r-

p
p

ro
 

s

1
0
0

1
0
0

15
0 N N

1
/0

0
0

7
0

0
1

0
0

20
0 N N

2
0
0
 

1
0
0

50
0

7
0

0
1

0
0

7
0
0

30
0

V
-p

p
ro

 
S

1
5
0

1
5

0 70 50
1

0
0

7
0

0
7
0
0

1
0

0
20

0 50 50
1

5
0

20
0 50

 
10

 
SC

O
 

20
 

50

U
-p

p
m

S

N N N N N N N N N N N N N N N N N N

Y
-p

p
m

S

N
10 20 10 15 10 15 30

N N N
<

1
0

<
1
0 10

<
1
0

2
0 N

10

Zn
-p

pm
 

Zr
-p
pr
o 

Th
-p
pr
a

s

N N N N N N N N N N N N N

Br
ad

f 
le

ld

N N
<2
00
N N

S

50
10
0

10
0 70 20 70 20 70 70 20 30

. 
50 10
0

Ca
na

l 
C6

50 20
10

0
15
0

10
0

s

N N N N N N N N N N N N N N N N N N

A
u
-
p
p
m

aa <
.
0
5

<.
05

<
.
0
5

N N N N N N N N N N N N N
<
.
0
5

<
.
0
5

C
u

-p
p

m
aa

30
1
7
0 15 45 30

3
0
0

1
/8

0
0 55

1
5
0 30 35

1
0

0 45 60 80 60 30 50

P
b

-p
p

m
aa

10 10 10 2
0

1
0

1
0 5

2
0

3
0 1
0 <
5

1
0

1
0 5

<5 <
5

<
5

<5

Z
n

-p
p

m
aa

50 60 50 50 30 25 4
5

4
5

95 20 2
0

5
5

6C 20 1
0

1
5
0 10 20

W
-p

pm
cm

N N N N N N N N N N N N N 2
1

0 <2
N

<
1

/7
D

P
-



Table 5. Analytical results for 1,430 nonmagnetic fraction (C-3) of heavy- 

mineral concentrates from stream sediments, Petersburg study 

area, southeast Alaska. 

[See page 8 for explanation. Table pages run from 172 to 281]
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